Editorial 


Articles 


News of Science 


Book Reviews 


Reports 


Departments 


The religious practices of the Jews helped effect the introduction of citrus 
to Mediterranean lands. 


Reappraisal of the Soil: C. C. Nikiforoff 


Pedogenesis consists of transactions in matter and energy between the soil and 
its surroundings. 


John Broadus Watson, Behaviorist: B. F. Skinner 
Frontal Cloud System Pictures Obtained by Rocket; recent events 


A. Roe and G. G. Simpson, Behavior and Evolution, reviewed by C. H. 
Waddington; other reviews 


Mutation in the Protozoan Paramecium multimicronucleatum as a Result of 
X-irradiation: R. Wichterman 


Ozone in High Concentrations as Cause of Tobacco Leaf Injury: 


H. E. Heggestad and J. T. Middleton 
Possible Biochemical Implications of the Crystal Structure of Biotin: W. Traub .... 


Enhancement by Inositol of the Nodulation of Isolated Bean Roots: 
N. Raggio, M. Raggio, R. H. Burris 


Fibrillation and Potassium Influx: W. C. Holland and A. H. Briggs 


Failure of Nicotine to Affect Development of Offspring When Administered to 
Pregnant Rats: L. M. Geller 


Alginase in the Sea Urchin Strongylocentrotus purpuratus: 
R. W. Eppley and R. Lasker 


Functional Hermaphroditism and Self-fertilization in a Serranid Fish: E. Clark .... 


Hemoglobin Patterns in American Indians: W. S. Pollitzer et al. ............... 


Letters 


Sensory Deprivation; Forthcoming Events; Equipment 
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PAPER ELECTROPHORESIS 





... now more. useful than ever in analyzing biological materials 


Thousands of laboratories routinely run serum 
proteins by paper electrophoresis as an aid in 
diagnosing hepatitis, agammaglobulinemia, the 
myelomas and a variety of related pathologies. 
Now this simple diagnostic aid is being used to 
separate other serum components of medical 
significance. 


LIPOPROTEINS 


The relationship between 

these fat-protein molecules me, 
and atherosclerosis, 

liver diseases, diabetes 
and obesity has 

made lipoproteins an important field of research. 





HEMOGLOBINS 


iO ais: 


Sickle cell anemia is 
revealed by the presence 








on the paper 
strip of both normal and sickle-cell hemoglobins. 





GLYCOPROTEINS 


Changes in glycoproteins PA eg 
are often greater and 

more specific than changes 

in serum proteins. Indications of glycoprotein 
correlations are reported in studies of cancer, 
collagen diseases, acute and chronic infections 
and tuberculosis. 





These new analyses can be performed on the 
same Model R equipment chosen by most lab- 
oratories using paper electrophoresis. The equip- 
ment is easy for technicians to use, gives uniform, 
reproducible results, and lends itself readily to 
different analyses, dyes and techniques. For 
more information, please return coupon below. 


Beckman: 
Spinco Division 


Beckman Instruments, Inc. 


Beckman/Spinco Model R 
System: electrophoresis 
cell, power supply 

and scanner 


To: Spinco Division, Beckman Instruments, Inc., Stanford Industrial Park, Palo Alto 5, California 


cd Please send me information 
on the clinical significance of paper electrophoresis, 
and a description of the equipment required. 


LJ I own a Model R System and would like 
additional information on recently-reported methods. 


— NAME 





— INSTITUTION 





— ADDRESS 
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low. Continuous Flow 
Centrifugation 

Jon SEDIMENTATION 

The SERVALL System is the most functional 8, 4, or 2 tubes, or even a single tube, may be 
el R approach available fo continuous flow cen- utilized in the SERVALL System. Very high 


1s 


trifugation. This System permits collection of 
precipitate, from bulk sample, directly in tubes 
during the centrifuging operation. Difficult 
transference of sediment into tubes after cen- 
trifugation, necessary with systems that employ 
a large “hollowed out” rotor, is thereby elimi- 
nated. Direct tube-type collection is especially 
favored by researchers because it avoids steps 
that are time-wasting and which can seriously 
reduce the degree of separation achieved. 


flow rates are obtainable. System available for 
SERVALL Superspeed, Superspeed Automatic, 
Superspeed Enclosed, and Superspeed Refrig- 
erated Centrifuges. 

We have been delivering this work-proven in- 
strument for almost two years; it is available 
now. Literature upon request: Write for Bul- 


letin SC-1KSAT. 



















An independent company; 
not connected with any 


—e other centrifuge manufac- | i | ca 2 Sa Dr’ | | «a L f | a I if i @ ve 


turer. NORWALK - CONNECTICUT 


DESIGNERS, MANUFACTURERS AND 
DISTRIBUTORS OF **SERVALL"* 
LABORATORY INSTRUMENTS 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, hate a 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 3 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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semiconductor 
research 
and 


development 


Advanced research and development ac- 
tivity at Hughes Products, the commer- 
cial activity of Hughes, is opening new 
vistas in the semiconductor field. Rep- 
resentative programs underway include: 


Basic research on semiconductor surfaces, 
alloying and diffusion techniques, and 
materials characterization studies to de- 
termine electrical effects of imperfections 
and impurities. 


Development of new semiconductor de- 
vices such as parametric amplifiers, high 
frequency performance diodes, and im- 
proved types of silicon transistors. 


New techniques for casting silicon into 
various configurations. These techniques 
may be extended to a broad field asso- 
ciated with infra-red applications. 


Development of new intermetallic com- 
pounds for use in devices, resulting in su- 
perior device performance characteristics. 


These are but a few of the many semicon- 
ductor research and development projects 
undertaken by Hughes Products.To delve 
further into these, and other semiconduc- 
tor areas, an immediate need exists for 
Solid State Physicists, Physical Chemists, 
Physical Metallurgists, and Electronics 
Engineers, United States Citizenship is 
not a requirement. Investigate further by 
writing to Mr. Charles Blocher at the ad- 
dress below. All inquiries will be treated 
with strict confidence. 


Creating a new world with electronics 


OGioso. HUGHES AIRCRAFT COMPANY 
International Airport Station 


Los Angeles 16, California 
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THE SARGENT 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


@ MULTI-RANGE—40 ranges. 
® MULTI-SPEED—9 standard chart speeds with 











t ac- provision for optional 1-5 range multiplication 
fois or 5-1 range reduction. 
new 
Rep- @ VOLTAGE OR CURRENT RECORDING—for 
ude: measurement of voltage or current or any 
‘aces, other variable which can be translated to 
= voltage or current signals. 
» Gt 
tions @ FLEXIBILITY OF APPLICATION 
‘+ Seite hnancthamtuiud Wy @ DESIGNED FOR BENCH OPERATION 
Sse E. H. SARGENT & CO. 
high 
| im- 
into Style: Vertical strip chart recorder, designed for labora- cording, magnetic brake eliminating coasting when stopped 
iques tory bench operation. Assembly of three individual, sep- and free clutch position with separate provision for rapid 
sao arable, and self contained units; viz., control panel assem- non-synchronous drive. 
7 bly, amplifier and power supply chassis, and chart and pen Recording speeds of %, %2, 1, 1%, 2, 2%, 4, 8, and 12 
drive chassis unit. inches per minute, selected by interchange of two gears on 
com- Automatic null balancing potentiometric system with end of chassis. j 
ae standard cell standardization by panel control, conven- Free clutch or neutral drive at the rate of approxi- 
in tional chopper-amplifier method with special Sargent high mately 20 feet per minute in either direction for rapid 
_— gain amplifier and high stability Sargent bridge power sup- scanning of recorded information, chart reroll, or chart 
— ply using combined or alternate dry cells and mercury cells. positioning. , t 
at Use of the latter obviates need for standardization over very Recording either by automatic take-up on roll or with 
i : long periods. free end chart and tear off. 
lve ' gers : ‘ 
el Ranges: Multiple full scale ranges selected by panel range _ Synchronous srg a. for or oi synchro 
6 switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, nization of external devices with recording. 
Se! 1250, 2500. All ranges are made direct reading as full scale Pen Speed: 1 second full scale. Other speeds can be 
musts, deflection in millivolts, milliamperes, or microamperes by provided on special order with change of motors. 
songs use of an associated units selector switch. All 33 scales pro- Bridge: Special Sargent specification. Provision for coupled 
up 1s vide true potentiometric measurement. An additional series transmitting potentiometer for output to integrating cir- 
er by of the same eleven ranges in terms of volts is provided by an cuits, etc. 
1e ad- additional selector switch position, this series using a divider > , ; : 
eisied input with an impedance of one megohm. — fe some =o controlled with single panel knob 
True potentiometric measurements are thus provided to J z ai ete ; : 
a maximum of 2.5 volts, higher voltages only being Dimensions: Width, 214 inches; depth, 13 inches; height, 
measured through a divider. 24 inches; weight, about 75 pounds. 
ics Accuracy: 0.1% or 20 microvolts, whichever is greater. S-72150 RECORDER — Potentiometric, Sargent Com- 
— Chart: Width, 250 mm; length, 120 feet. Ruling rational plete with two S-72165 chart rolls; two each S-72175 
with all ranges on a decimal basis. Indexed for reference. pens; red, blue and green; one S-72176 wet ink pen, input 
. Graduated steel scale provides for any necessary correc- cable assembly; synchronous switch cable assembly; plastic 
Beas tion of calibration. Two-position writing plate, 15° or dust cover; spare ring for take-up mechanism; spare pen 
F 40° from vertical. drive cable assembly; and fuses. For operation from 115 
iat Chart Drive: Forward drive recording, reverse drive re- volt, A.C. single phase, 60 cycle circuits......... $1725.00 
SAI 2 CS | NI : SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS @ SUPPLIES @ CHEMICALS 
E.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. «e DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. « SPRINGFIELD, N. J. 
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anew 

approach to 
time interval 
measurement 


~~ 


~ 


0.25 ~ 
milli microsecond 
measurements 


WITH THE 


HMldorado 


MODEL TH-300 





TIME-TO-PULSE 


HEIGHT CONVERTER 


applications 
* Neutron time-of-flight 
measurements 


Half-life determinations of 
short lived isotopes 


Determination of short-time 
decay in isomeric states 


* Fast coincidence studies 
* Delay line calibration 
* 
* 


* 


Energy determinations 
Transient time studies 


An analog-to-analog converter 
which transforms time to amplitude 
over the time range of 1 to 3000 
milli microseconds, the TH-300 
provides an output pulse whose 
amplitude is proportional to time. 
The output can be measured with 
a pulse height analyzer or scope. 


KEY SPECIFICATIONS Three time ranges 
— 300, 1000, and 3000 milli microsecond 
full scale. Input, pulse start channel, am- 
plitude of 2-100 v negative, duration 
of 0.01-0.10 microseconds; stop chan- 
nel, amplitude 15-150 v negative, dura- 
tion of 0.01-1.00 microseconds. Output, 
negative ramp, 8 v full scale. Domestic 
price $795. Immediate delivery. 


For complete technical and sales 
information, call your nearest 
Eldorado Engineering Representa- 
tive or write directly to Dept. $1 


12 


Eldorado 


lectronics 


2821 10TH ST., BERKELEY, CALIF. 


See us at the Atom Fair, 
Cleveland, April 5-10, Booth 811 


174 











Letters 
Why Not “Get Lost?” 


Under the caption, “The lost legion,” 
the editorial of the issue of 3 October 
[Science 128, 747 (1958)] mourns the ef- 
fects of team replacement of individually 
directed effort in current research—(i) 
loss of contribution to published research 
results, (ii) loss of scientific freedom 
under the supervision of an administra- 
tor, (iii) loss of identification with spe- 
cific accomplishment, and (iv) loss of 
recognition as a productive scientist— 
this by way of warning the young scien- 
tist to be wary of the conditions of his 
employment if he enters an industrial 
laboratory. The advantages of the indus- 
trial-team situation, “financial and other- 
wise,” deserve closer examination. 

“Of the making of many books there 
is no end.” The sheer volume of pub- 
lished reports of bits-and-pieces “re- 
search findings,’ sometimes in mul- 
tiple audience orientations, has become 
burdensome to the individual scientist 
or, in the team approach, to the refer- 
ence librarian and the _bibliographer. 
(Editorial evaluation of the scientific 
merit of the manuscripts with any degree 
of selectivity must be a nightmare!) 

Not every young scientist is endowed 
with the genius, or has attained the 
breadth of outlook, the maturity in scien- 
tific discipline, and the self-discipline, to 
exercise freedom of research construc- 
tively, either for his own progress or for 
the expansion of scientific frontiers. To 
the immature scientist, the research ad- 
ministrator may seem a tyrannous instru- 
ment of management control, but in most 
instances, viewed more objectively, he is 
likely to be mentor, counselor, and friend, 
seeking to develop and nurture whatever 
aptitudes are present. This is as much a 
part of his “management” function as is 
the expeditious completion of specific 
projects or programs. The young scien- 
tist seeking employment in a research 
program, whether industrial, governmen- 
tal, or institutional, should be concerned 
with both the scientific and managerial 
quality of the supervision he will receive. 

The privilege of publishing and being 
identified with piddling, fortuitously 
planned, or uncritically guided and re- 
viewed research is not one that would be 
highly prized by a young man with seri- 
ous intentions toward a scientific career. 

The notion that the published record 
of his research is the only acceptable, or 
even the best, evidence of his productiv- 
ity as a scientist can be considered an un- 
deserved slur on the perspicacity of 
senior scientists, research directors, and 
deans. A competent employment officer 
for a scientific facility will make a more 
thorough evaluation of an applicant’s 
qualifications than is possible by mere 
inspection of his list of publications. An 





inordinately long list may invite more 
careful scrutiny of the scientific quality 
of the publications listed. On the other 
hand, a record of satisfactory participa- 
tion in the work of an agency recognized 
for the quality of its output—supported 
by appropriate inquiries concerning the 
scope and nature of the individual’s con- 
tribution to projects in which he has par- 
ticipated, his growth, and his ability to 
work harmoniously and constructively 
with associates—is likely to weigh heav- 
ily in making the employment decision. 
(The harmonious-relations item assumes 
that the value system of the man in the 
laboratory coat differs from that of the 
“man in the gray flannel suit.’’) 

When major advances and “break- 
throughs” in science are more and more 
based on intelligently directed efforts of 
teams comprising widely assorted varie- 
ties of scientists, technologists, and tech- 
nicians, it may be better for the young 
scientist to “get lost” in the anonymity 
of such team efforts, with the prospect of 
emerging to recognition and identifica- 
tion with significant effort at a later, 
more mature, stage, rather than to be lost 
through isolation. 

EuceEneE D. CarsTATER 
Bureau of Naval Personnel, 
U.S. Department of the Navy, 
Washington, D.C. 


Young men entering upon their careers 
can draw their own conclusions as to 
whether they desire anonymity along 
with opportunities to do research. Will 
they knowingly enter laboratories where 
the “get lost” philosophy prevails? I 
think not. I believe they have the right 
to know the philosophy underlying the 
personnel policies of their employers. 
They should be encouraged to ask ques- 
tions before accepting employment. That 
was the thesis of ““The lost legion.” 

In regard to publication of research 
results, it is debatable whether there are 
too many books or scientific articles. 
That is not a question for research di- 
rectors to decide. One may take the posi- 
tion that research is not completed until 
results are made available to other work- 
ers in the field. Carstater, I fear, is un- 
duly concerned with the “burdensome” 
tasks of reference librarians, bibliogra- 
phers, and editors. Let each attend to 
his own knitting. Release of research re- 
sults may properly be delayed because of 
patent applications or for security rea- 
sons. Ultimately, I believe, research re- 
sults should be in the public domain as 
known “contributions to the sum total 
of human knowledge.” In passing, we 
should recognize that an employer runs 
certain risks when a member of his or- 
ganization releases a report. A competi- 
tor may offer him a job at a higher sal- 
ary or profit by his discovery. If the work 
of a scientist is not publicized, such 
dangers are minimized. 

(Continued on page 218) 
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the 


Pioneer 


in 
space 


Tosend the U.S. Pioneer more than 60,000 miles 
into interplanetary space, Space Technology Laboratories 
in seven months designed, developed, assembled, and 
tested an 88-foot combination of three integrated stages with a 
payload incorporating 36 separate ignition systems. 
stL’s Astrovehicles Laboratory focused on the payload itself and 
the sensitively related problems of propulsion, weight, 
and stability. These are in addition to the overall complexities 


of the structural configuration. 


Pioneer, setting new apogees in science and missilery, 
typifies the achievements STL is making in the advancement of 
space technology. Those who are able to contribute 
to and benefit from these developments are invited to 


consider joining our staff. 


Space 


Technology 


Laboratories 
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These programs at STL open a whole new vista 
in analytical and experimental areas for the advanced 
technical person whose interests and 
experience qualify him for work in the 
following fields: electrodynamics, nuclear 
physics, thermo-nuclear power, 
* - magnetohydrodynamics, solid state physics, 
communication theory, and the design and 
execution of physical experiments in interplanetary 


space. Inquiries are invited. 


For the convenience of those attending the annual 
meeting of the American Physical Society 
January 28-31, 1959 Hotel New Yorker, New York 
City, appointments may be arranged with 
senior members of our Physical Research Laboratory 
and Electronics Laboratory by contacting 


Mr. T. Griesinger at the STL suite. 


Space Technology Laboratories, Inc. 
oO - 


5730 Arbor Vitae Street, Los Angeles 45, California 





Now... 

for only $69.50... 
you can adapt any 
INTERNATIONAL CLINICAL 
CENTRIFUGE to spin 


micro-hematocrits! 


New International 


HEMATO-KIT 


makes the switch in 10 seconds! 


\ More than ever before . . . the Inter- 
national Clinical Centrifuge is the most 
versatile, most economical unit in the 

q 4 bench-size centrifuge field. With this new 

+ : : kit, you can adapt a clinical model to 


modern blood cell volume testing tech- 
niques .. . at a fraction of the cost of a 

INTERNATIONAL Sern. : ; ; 
930 HEMATO-KIT, new micro-capillary hematocrit centrifuge. 


for convertiig. aac cae For laboratories spinning many micro- 
Clinical Centrifuge info a hematocrits per day, the International 
Micro-Capillary Centrifuge. Model MB (Quiet-Test) Centrifuge is 
consists of: 24-Place Head recommended. 

and Cover -for capillary 

tubes, 75 mm long x 1.5 INTERNATIONAL 

mm diameter; Adapter Hub < your dependable source for 


for attaching head to shaft; centrifugal force. 
and Versatool for quick 


changes . .. all for $69.50 





International 22 Equipment Co. 


WRITE FOR DETAILS on IEC Centrifuges . . . sold and serviced the world over by authorized International Dealers, 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 
oO Send me complete details about your new HEMATO-KIT for adapting my International Clinical Cen- 
trifuge for hematocrit spinning. 
oO Send me data, prices and delivery schedules on International Clinical Centrifuges. 


Institution... 
Street & No 
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Locking the Barn Door First 


The Federal Food, Drug, and Cosmetic Act, passed in 1906, has been 
amended several times to keep it abreast of technological changes, but, 
until recently, it suffered from a grave and increasingly serious defect. The 
Act put the burden of testing new food additives for safety on the Govern- 
ment but had no provision for controlling the introduction of new sub- 
stances. Thus manufacturers could add new compounds—enzymes, artificial 
flavors and coloring matter, antioxidants, preservatives, and so on—to food 
products without hindrance; the only recourse for the Government was to 
test the compounds for safety and, if it found them to be unsafe, to pro- 
ceed against the producers in court. In effect, this was locking the barn door 
after the horse was stolen. In fairness to the food industry, it should be 
pointed out that almost all of the 100,000 or more firms whose products 
came under the provisions of the Act tested additives thoroughly before 
general introduction, but a few did not. Herein lay the danger to the public, 
a danger that increased as vast numbers of new additives were introduced 
at a rate much greater than that at which Government chemists could make 
adequate tests. 

The Food Additives Amendment of 1958 (Public Law 85-929), passed 
on 6 September 1958 and fully effective on 6 March 1959, should do much 
to avoid the danger. The amendment shifts the burden of proving the 
safety of new additives from the Government to the producer and requires 
the producer to get a favorable ruling about the additive before it is intro- 
duced for public use. To do this the producer presents a petition to the 
Food and Drug Administration in which he gives the following information 
about the proposed additive: name, chemical identity if known, conditions 
of proposed use, relevant data about its intended effect, description of 
methods for making quantitative determinations, and a complete account 
of investigations made to test its safety. The petition will be published in 
the Federal Register in general terms as a proposal for a future regulation 
within 30 days after it is filed. Within 90 days (or 180 days if an extension 
is granted) the commissioner of the Food and Drug Administration will 
publish the final ruling on the petition. During this period those who have 
a substantial interest, including scientists who are expert in the effects of 
chemicals on the food of man and animals, may submit objections. 

Scientific experts will thus have a large responsibility under the terms 
of the amendment. If they raise objections to a proposal, the FDA will take 
them into account and hold hearings or otherwise gather additional infor- 
mation before making a ruling. If, on the other hand, scientists do not 
object to a proposed favorable regulation, the FDA will assume that there 
is general scientific agreement and will put the regulation into effect. This 
procedure will put it up to the scientists to see that no potentially dangerous 
additives escape their vigilance, that the barn door is locked first —G.DuS. 
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Tri-Carb* Liquid 
Scintillation Spectrometers 


Tri-Carb Spectrometers are designed for counting 
tritium, carbon-14 and other beta-emitting isotopes. 
Up to 100 5-dram sample vials can be counted at each 
loading. 

Tri-Carb Spectrometers are also available with man- 
ual sample chambers. Both automatic and manual 
models offer all the advantages of liquid scintillation 
counting—sensitivity, versatility, operational simplic- 
ity and ease of sample preparation. 





RADIOACTIVITY 
DETECTION 
INSTRUMENTS | 





Auto-Gamma* 
Sample Changers 


Auto-Gamma Sample Changers are designed for use 
with standard well-type scintillation detectors. Up 
to 100 test tubes (16 mm x 150 mm) can be counted 
at each loading. 

Auto-Gamma Sample Changers are available for 
many different systems. They can be provided as com- 
plete units with either large or small sodium iodide 
crystals. They can also be used with scintillation 
spectrometers and simple scaler systems. 





Automatic Tri-Carb Spectrometers and Auto-Gamma Sample Changers can be operated 24 hours per day, seven 
days per week. Operation is on the basis of both preset time and preset count. Counting is stopped by whichever 
is reached first. Sample number, time interval and scaler readings are permanently recorded on paper tape. 
Scaler and readout circuits, similar in both instruments, are completely transistorized for utmost reliability. 
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WINDOWLESS and FLO-WINDOW* COUNTERS 
...for geiger and proportional operation 

f Windowless Flow Counters provide maximum sensitivity and essentially 
f unlimited life. Full 27 geometry is achieved. 

Flo-Window Counters feature thin plastic windows for minimum 
absorption. Counting chambers are isolated from the samples so that 
static charge, vapor effect, contamination, etc. are eliminated. 
Completely Transistorized Proportional Counting Amplifiers 


These non-overloading amplifiers are designed for use with proportional 
counters. They provide a gain of 1100 and are small enough to be con- 
veniently located with the detectors, thus eliminating preamplifiers. 
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Influence of Religion on 
the Spread of Citrus 


The religious practices of the Jews helped effect 
the introduction of citrus to Mediterranean lands. 


When Goethe wrote the famous poem 
beginning ““Kennst du das Land wo die 
Zitronen bliihen?” he presumably re- 
ferred to Italy. Of course, lemons as well 
as citrus fruits as a whole are not limited 
to Italy or even to the Mediterranean 
basin but grow in areas as widely sepa- 
rated as Japan, India, South Africa, and 
California. Indeed, while citrus is asso- 
ciated with areas which may be described 
as of Mediterranean climate, it is prac- 
tically a newcomer to the Mediterranean 
itself and was introduced there through 
what is today the least familiar member 
of the genus—the citron or Citrus med- 
ica (1). This fruit was the first of its 
genus to be cultivated intensively in the 
Fertile Crescent of the ancient Near East 
—namely, Mesopotamia, Syria, Palestine, 
and Egypt. It owed its distribution into 
the Roman Mediterranean to the Jews, 
for whom the citron had become an ob- 
ject essential for the ritual celebration of 
the holiday of the Feast of Booths. The 
history of the citron is to me a striking 
illustration of the part, far too little rec- 
ognized, played by religion in transform- 
ing the landscape. 

The citron, Citrus medica var. ethrog 
Engl. (2) (see Figs. 1 and 2) belongs to 
the subfamily Aurantioideae. The citron 
tree (see Fig. 3) is a small evergreen 





The author is a member of the department of 
geography at Temple University, Philadelphia, Pa. 
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with irregular and spreading spiny 
branches, pale green oval and slightly 
serrated leaves, wingless petioles, and 
generally perfect flowers. It produces a 
fragrant golden oval or oblong fruit 4 
to 8 inches long with a knobby skin. 
The citron’s protuberant nipple carries a 
persistent pistil. While in most citrus 
trees flowering takes place in the early 
spring, the citron continues throughout 
the year to produce flowers in varying 
degrees of abundance. This absence of 
a period of dormancy makes it, of all 
the citrus species, perhaps most suscep- 
tible to frost damage and limits the 
range of its commercial cultivation. The 
citron is mainly cultivated in coastal sec- 
tions where frosts are infrequent. The 
development of fruit in interior sections 
is often inhibited by high temperatures 
(see 3, pp. 42-3, 55, 62). 

The tree grows on a great variety of 
soils, provided that the content of or- 
ganic matter is satisfactory. Soil texture 
is the most important characteristic. The 
tree does best on fine sandy loams, al- 
though in Tunisia, perhaps the most im- 
portant commercial citron area of North 
Africa, plantings are sometimes made on 
pure sand (3, p. 64; 4). It is interesting 
that commercial cultivation of a tree so 
obviously adapted to the tropical rain 
forest (because of the absence of devices 
limiting transpiration or evaporation, 


lack of a regular dormant period, weak 
root-hair development, and nearly naked 
buds) (3, p. 51) should today occur 
overwhelmingly in areas of Mediter- 
ranean climates. 


Origin and Spread of Citron 


When did the Jew first become ac- 
quainted with the citron, or etrog, as he 
calls it? This is a question which has not 
yet been conclusively determined and in- 
volves the problem of the origin and 
transmission of the species Citrus med- 
ica. Nineteenth- and early 20th-century 
observers, on the whole, concurred in 
asserting that the citron, lemon, and lime 
originated on the Himalayan slopes of 
India and Burma or in the southern part 
of the Indian peninsula (5). There were 
a few dissident voices, as, for example, 
E. Bonavia, who came to doubt an In- 
dian origin for the citron when he noted 
its prevalence on India’s western shore, 
an area which had been most open to 
foreign influences (6). In the 20th cen- 
tury there has been practically unani- 
mous agreement that southwest Asia was 
the origin of citron, but whether in India 
or further west in southern Arabia is still 
a subject of dispute (7). 

It is surprising that not more attention 
has been paid to the Arabian peninsula 
as a possible area of origin of citron, in- 
asmuch as various reports suggest the 
probability that this area was its native 
home. Such an authority on citrus as 
Walter T. Swingle reverses the usual the- 
ory that citron spread from India to 
Media and Persia and then to the Medi- 
terranean by hypothesizing an origin be- 
tween India and Africa: 

“The early advent of the citron in 
Media and Persia, and subsequent slow 
penetration into India and China could 
be explained easily if the citron should 
prove to be a native of southern Arabia. 
The bael fruit of India, Aegle Marmelos, 
has no close relatives in Asia, but three 
closely allied genera, Aeglopsis, Afraegle, 
and Balsamocitrus are found in Africa. 
Citropsis, an African genus of the Near- 
Citrus fruit trees closely related to the 








Asiatic genus Atalantia, has eleven spe- 
cies. It would not be surprising to find 
midway between India and Africa, in 
some mountain oasis within the tropical 
zone in Arabia, the citron growing in a 
wild state” (8). 

When did the citron spread from its 
place of origin—whether this was India 
or Arabia—to the Fertile Crescent, where 
the Jew might have found it a part of 
the regional flora? Traditionally the cit- 
ron is accepted as the fruit commanded 
by the Bible for use in the ritual observ- 
ance of the Feast of Booths, an ancient 


Hebrew festival originally known as the 
Feast of Ingathering (see Exodus 23:16; 
34:22). Leviticus 23:40 reads: “And 
you shall take unto yourself on the first 
day the fruit of a goodly tree, palm 
branches, foliage of a leafy tree, and 
willows of the brook, and you shall re- 
joice before the Lord your God seven 
days.” There is, of course, no reference 
to the citron here, nor is the etrog men- 
tioned by name anywhere in the Bible. 
Not until the second century B.c. do we 
possess ample documentary evidence that 
the citron was the fruit accepted as “the 





Fig. 2. Fruit lying in a silver etrog receptacle (Germany, 18th century). [Frank J. Darm- 


staedter, Jewish Museum, New York] 
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fruit of a goodly tree.” Nonetheless, Jew- 
ish religious authority of that period 
maintained that the citron had always 
been used and was the original fruit 
designated by the Bible. 

This identification of the citron with 
“the fruit of a goodly tree” commanded 
at the time of the wanderings in the 
desert has not gone unchallenged. The 
argument has been advanced that the 
Feast of Booths was not celebrated until 
the time of Ezra and Nehemiah in the 
fifth century B.c., when the first actual 
celebration of the feast is described. Ac- 
cording to this view, favored by Gallesio, 
de Candolle, and other authorities, the 
feast was held then for the first time, 
Such a theory, of course, presumes a late 
composition of Leviticus 23:40, since it 
does not deny the identity of “the fruit 
of a goodly tree” and the citron but con- 
siders that the Jews came in contact with 
the fruit during the exilic period in Baby- 
lonia and brought it back with them to 
Palestine on their return from the cap- 
tivity. In the absence of clear proof one 
way or the other, the first problem is to 
establish the earliest period at which the 
citron could have been part of the Levant 
flora and thus available to the Jews in 
Palestine. 

It is known that in ancient times the 
lands between the Mediterranean, the 
Red Sea, and the Indian Ocean were 
bound together by extensive economic 
and cultural interchange. Scholars now 
assert the impossibility of regarding the 
cultures of the ancient East and Near 
East as hermetically sealed entities which 
achieved their flowering independently 
of the cultural developments in surround- 
ing territories. As early as the fourth mil- 
lenium B.c. the cultures of Mesopotamia, 
Syria, Palestine, Egypt, and probably 
Asia Minor were jointly on the road to 
civilization, and the contacts were so 
marked that it may indeed be possible 
to consider Babylonian and Egyptian 
civilizations as regional variants of one 
culture (9). Babylonian cylinder seals, 
pottery types, art motifs, architecture, 
and early writing all stimulated Egyptian 
productions of the same nature. More- 
over, these contacts were probably not 
limited to the Fertile Crescent but en- 
compassed the furthermost reaches of the 
Red Sea. A predynastic ivory showing 
sailors with a strange craft, which Sir 
Flinders Petrie interprets as depicting 
the arrival in Egypt of a ship from Punt 
(either Somaliland or southern Arabia), 
is one example of these far-reaching con- 
tacts (10). 

Nor were these contacts limited to the 
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I Malus medica. 
The Pome Citrontree, 





Fig. 3. Woodcut of branches of a citron 
tree with fruit. From John Gerard’s her- 
bal, The Historie of Plants (Printed at 
London by John Norton, 1597), p. 1278. 
[W. Hausdorfer, Sullivan Memorial Li- 
brary, Temple University] 


inception of civilization; they continued 
through the centuries. The Mari Ar- 
chives, found by a French expedition in 
1936, illustrate the freedom of move- 
ment in the world of the Fertile Crescent. 
“Trade was widespread and caravans of 
merchants were among the commonest 
sights” (11, p. 5). The Biblical picture 
“of limited movements in the hill coun- 
try of Palestine, of seasonal migration 
between the Negeb and Central Pales- 
tine, and of easy travel to Mesopotamia 
and Egypt is, accordingly, so perfectly in 
accord with conditions in the Middle 
Bronze Age that historical skepticism is 
quite unwarranted” (11, p. 6). The Bible 
describes extensive commerce in the 
tenth century B.c., between Phoenicia, 
Egypt, southern Arabia, and adjacent 
regions, as well as with Hittite northern 
Syria and Cilicia. Elaborate trading ex- 
peditions were organized by Solomon 
and Hiram of Tyre (969-936 B.c.), 
whose scope embraced the Red Sea, the 
Indian Ocean, and probably the Mediter- 
ranean (Kings I, 9:26; 10:22). This ex- 
tensive trade was carried on both by sea 
and by land, land trade having been 
made possible by the domestication of 
the camel not long before the 11th cen- 
tury B.c. At the time of Solomon we 
know that Somaliland and southern 
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Arabia, separated from it by the Red 
Sea, were considered to be one region. 
This identification dates back to a period 
at least as early as the 14th century B.c. 
(12). 

We have evidence also of the Egyp- 
tians’ familiarity with this region. Egyp- 
tians traveled from Kosseir to “the di- 
vine land” or “the frankincense terraces,” 
terms generally understood to refer to 
the African shore from Massawa to 
Somaliland, and to southern Arabia (13, 
pp. 6-9). Punt yielded to the Egyptian 
kings incense and gold and emeralds 
(Pliny, xxxvii, 66), and an indication of 
the closeness of contact is the boast of 
one traveler of the period of the Middle 
Kingdom that he had been to Punt 11 
times (13, p.7). 

We have no certain evidence as to 
whether the exchanges between these 
various regions involved the transporta- 
tion and transplantation of seeds before 
the 16th century B.c. The first extant 
record dates back to about 1500 B.c., 
when Queen Hatshepsut of Egypt im- 
ported incense trees “to make for Amon 
a second Punt in his garden” (13, p. 7). 
Her ships are depicted, in color reliefs, 
as 30 saplings are brought aboard them 
in tubs, while the native ruler looks on. 
We know that trade with Punt continued 
to the time of Rameses II and Rameses 
III (73, p. 9). Egyptian sailors may also 
have penetrated into the Persian Gulf, 
skirting the Arabian coast, inasmuch as 
they knew the Euphrates, which they 
called “the reversed waters” because it 
flows south, while the Nile flows north. 

But if Swingle is right in postulating 
a southern Arabian origin for the citron, 
and given the fact of both Egyptian and 
Palestinian contacts with this region, in- 
cluding the actual evidence of trans- 
plantation of trees, the likelihood is great 
that the citron was transmitted from its 
place of origin in southern Arabia to 
Egypt and Palestine in the course of 
trade. Significant in this light is mention 
in the Mishna (Succah 3:6) and the 
Talmud (T. Yerushalmi, Succah, p. 53b 
and T. Bavli, Succah, p. 36a) of an 
Ethiopian citron as distinct from the 
Palestinian. This was probably the Ye- 
menite citron, which has been introduced 
into Israel in recent years by members 
of the Yemenite community, a commu- 
nity which was, in ancient times, at vari- 
ous periods subject to Ethiopian or 
Somali rule. 

It is reasonable to believe, then, that 
the citron was transported from southern 
Arabia and spread throughout the Fer- 
tile Crescent, in which areas favorable to 


its growth abound. Hospitable habitats 
exist, for example, along the Nile and in 
Mesopotamia, where the high moisture 
requirements of the tree can be amply 
satisfied and where killing frosts are an 
exception. There is, moreover, evidence 
for the presence of citron in Mesopo- 
tamia in Assyrian times, when what is 
most probably a citron is depicted on an 
Assyrian sculpture (14). Seeds of Citrus 
medica were found in southern Mesopo- 
tamia in the ruins of old Nippur (/5), 
and although precise dating is impossible, 
from their location in the ruins it is evi- 
dent that they must date back to the 
fourth millenium B.c. In the second mil- 
lenium we find the citron referred to fre- 
quently in Assyrian medical texts as 
“iltakku,” which corresponds to the He- 
brew “etrog”—the citron. Archeological 
evidence in the form of a model of a 
citron indicates its presence in Egypt in 
the 12th century B.c. (16). 


Citron as “Fruit of a Goodly Tree” 


If the citron spread from southern 
Arabia through the ancient channels of 
trade to Mesopotamia, Media, Persia, 
and India, and northwest to Egypt and 
adjacent countries, it is quite possible 
that the citron existed in the better-wa- 
tered coastal plains of the Levant coast 
in the period of the early kings of Judah 
and Israel. It may be, too, that its re- 
ligious significance to the Jews dates 
back to that period, if not to an era even 
more remote. Should the citron, on the 
other hand, not have been part of the 
Levant flora, the Jews would have made 
its acquaintance at the latest during their 
exile in Mesopotamia in the sixth cen- 
tury B.c. 

While the citron’s presence does not in 
itself constitute proof that this was the 
fruit referred to in the Biblical com- 
mandment, the likelihood is enhanced 
by the fact that the citron tree was con- 
sidered holy in other cultures, including 
those of India and China. Contact be- 
tween the Mediterranean shore lands 
and the Indian realm extended to the 
religious and spiritual field. The Indian 
god Kuerva is usually portrayed carry- 
ing a citron or lemon and a variety of 
citron which has five lobes is called 
“Buddha’s hand” by the Chinese (17). 
The golden bullock around which the 
Jews danced in the wilderness (Exodus 
32) and the golden bulls to which tem- 
ples were built in the reign of Jeroboam 
(Kings I, 12:28-33) correspond to or 
are derived from the storm-god familiar 
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throughout southwestern Asia from 3000 
B.c. to the fourth century A.D. The storm- 
god was represented standing upon a 
bull, or merely the bull was shown, with 
the storm-god understood to be invisibly 
upon it (18). 

Further supporting evidence for an 
early identification of the citron with the 
“fruit of a goodly tree” is the later in- 
sistence of the rabbis that the citron is, 
beyond question, the tree designated. The 
arguments are primarily those of rabbis 
living in the second century A.pD., but they 
represent a long oral tradition. Rabbini- 
cal Judaism as a whole has never 
doubted the antiquity and authenticity 
of the citron, and rabbinic arguments 
maintaining it appear to be advanced to 
prevent the Feast of Booths from falling 
prey to the influences of syncretism—a 
danger to which this holiday was par- 
ticularly subject in view of the many 
pagan parallels. The extent of the danger 
is well illustrated by the interpretation 
Plutarch managed to put upon the Feast 
of Booths. According to him the holiday 
was “openly dedicated to Bacchus, for 
they have a feast amongst them called 
Cratephora from carrying palm trees, 
and Thyrsophoria, when they enter into 
the Temple carrying thyrsi; what they do 
within I know not, but it is very probable 
that they perform the rites of Bacchus” 
CED 

Other cults of the Near East used simi- 
lar objects, such as pine cones, in their 
celebration; the rabbis’ arguments were 
designed to prove why the citron, and 
only the citron, could have been meant 
and should be used at the time of their 
writing. 

Typical of rabbinic arguments for the 
citron was the insistence that only in the 
case of this fruit were both fruit and tree 
goodly (T. Yerushalmi, Succah 3:5). 
Another rabbi claimed that hadar 





(which is Hebrew for “goodly”) is de- 
rived from hadir meaning “dwelling,” re- 
ferring to the presence upon the tree in 
all seasons of the fruit in some stage of 
its growth (T. Bavli, Succah, p. 35). 
Rabbinic discussion continued through- 
out the subsequent centuries. Maimon- 
ides held that the identification of citron 
with the “fruit of a goodly tree” was 
based upon an absolutely trustworthy tra- 
dition. Commentators such as Leon da 
Modena, who were less firmly convinced 
of the citron’s authenticity, saw in the 
problem an affirmation of the necessity of 
tradition. He pointed out that the very 
fact that it was impossible to know what 
fruit was originally meant emphasized 
the importance of tradition as a guide 


to Jewish law (20). 


Arguments against Early Presence 


of Citron in Palestine 


Recently a historian of citrus has re- 
vived the entire question by stating his 
belief that the citron could not have been 
growing in Palestine even as late as the 
return from Babylonia, by which time 
the celebration of the holiday was, be- 
yond question, established. Another fruit, 
according to this view, must have origi- 
nally been used. S. Tolkowsky, assuming 
an Indian origin for the citron tree, as- 
serts that the tree had not reached Meso- 
potamia as late as the end of the fourth 
century B.c. and did not reach Palestine 
until the second century B.c. He rejects 
the evidence of the seeds found at Nip- 
pur, arguing that these remains constitute 
evidence of a tribute of rare fruits 
brought from a foreign country (2/, p. 
43). But the core of Tolkowsky’s theory 
depends upon Theophrastus of Eresos, 
who wrote during Alexander’s campaign 
in Asia in the fourth century B.c., in 





Fig. 4. A Judean tetradrachm of the second revolt (A.p. 132-135), showing lulav and 
etrog and the inscription, “Jerusalem First Year of the Redemption of Israel. [Frank J. 


Darmstaedter, Jewish Museum, New York] 
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his Inquiry into Plants, what has be- 
come a classic description of the citron. 
Theophrastus wrote that the citron is 
called the “Persian or Median apple,” 
and Tolkowsky deduces from this that 
the citron was not yet growing in Meso- 
potamia (21, pp. 48-51). 

According to Tolkowsky, the ancient 
and authentic “fruit of a goodly tree” 
was the cedar cone. He claims that the 
word hadar in the phrase “pri etz hadar,” 
instead of being a single word meaning 
“goodly,” is compounded of the Hebrew 
definite article ha and dar, the name of a 
specific tree—the dar tree, Cedrus deo- 
dara, a holy cedar of India. The change 
from the cedar cone to the citron re- 
sulted, Tolkowsky believes, from the 
cone’s widespread use in pagan cults. Ac- 
cording to Tolkowsky, it was Simon the 
Maccabee who, in order to emphasize 
the difference between Jew and pagan, 
replaced the pine cone with the citron, 
similar to it in appearance, and struck a 
coin in honor of his reform, supposedly 
effected in 136 B.c. The citron is depicted 
on this coin, together with the“lulav,” 
or combination of palm branch, willows, 
and myrtle prescribed for use on the 
Feast of Booths (21, pp. 52-57). 

One objection to Tolkowsky’s ingeni- 
ous theory is that nowhere else in the 
Old Testament, which abounds in bo- 
tanical references, is the dar tree men- 
tioned. Moreover, internal evidence from 
the text of Leviticus argues against his 
thesis. The fruit of a goodly tree is only 
one of a number of items which the Jew 
is instructed in this sentence to take, 
and it is unlikely from a stylistic point 
of view that the definite article should 
precede only one of the objects whose 
use is commanded (22). Equally with- 
out foundation is Tolkowsky’s theory of 
the way in which the citron came to be 
substituted for the pine cone. The coin 
upon which the citron’s introduction was 
supposedly celebrated was struck, not in 
136 B.c., but, as recent scholarship has 
disclosed, in the first century A.D. (23). 
Figure 4 shows a similar coin. There is 
ample documentary evidence from this 
period that the citron had been in use 
for a considerable length of time. 

As for the evidence of Theophrastus 
cited by Tolkowsky, this may be inter- 
preted rather differently. At the time 
Theophrastus wrote, the Persian kingdom 
embraced the entire Fertile Crescent; 
hence, the phrase “Persian or Median 
apple” is ambiguous. Nor does the fact 
that this name was given to the citron 
in the particular region where the ob- 
server upon whose description Theo- 
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phrastus relied encountered it exclude 
the possibility that the citron was found 
in other areas where it might have been 
known by other names. It should be re- 
membered, too, that Theophrastus did 
not write of plant discoveries but of 
plants which had long been familiar to 
the Greek world (24). This suggests that 
the citron was probably cultivated in 
areas further west than Media or Persia. 
But even if we set aside the flimsy and 
sometimes actually incorrect specific evi- 
dence offered by Tolkowsky, we find that 
his approach to plant distribution is es- 
sentially naive. He implies that, in order 
for the citron to reach Palestine, it must 
have traveled in an orderly sequence 
through successively adjoining regions. 
Thus the citron could not have been in 
Mesopotamia before its acclimatization 
in Persia, and acclimatization in Meso- 
potamia was necessary before the fruit 
could be introduced into Palestine. Such 
a view of plant spread is peculiarly in- 
accurate in the case of cultivated plants, 
such as the citron, which are dependent 
upon human beings for their distribution. 
Palestine is the meeting place of Irano- 
Turanian, Saharo-Sindian, and Mediter- 
ranean vegetation belts. Furthermore, in 
the Palestinian part of these belts there 
are many local enclaves characterized 
by plant associations ranging from tropi- 
cal to Alpine, within only 40 miles of 
each other. Thus the chances for the 
tree’s finding a suitable habitat in Pales- 
tine are in no way dependent on its prior 
introduction to Mesopotamia. 


Spread of Citron in the 
Mediterranean Diaspora 


But whatever may have been the fruit 
originally designated by “fruit of a 
goodly tree” (and there is no reason why 
the citron should not have been meant), 
by the first century A.p. the fruit was 
firmly established. In the reign of Alex- 
ander Yanai, who also officiated as high 
priest, we know of the citron’s wide- 
spread acceptance through its use in an 
unexpected manner. When Yanai, in 
performing the temple service for the 
Feast of Booths, deviated from the ritual 
accepted by the mass of the people, the 
worshippers hurled their etrogim at him 
(T. Bavli, Succah 4:9; Josephus An- 
tiquities, XIII, xiii, 5). So universal was 
the citron at this period that the Jews 
considered adopting it as a standard of 
measure. Rabbi Akiva, a noted scholar 
of the first century A.D., arguing against 
such use of the citron, produced one so 
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Fig. 5. A stone from an ancient synagogue in Priene, Asia Minor, showing candelabra 
flanked on the left by the citron, on the right by the lulav. [Kaiser Friedrich Museum, 


Berlin] 


large that he was forced to carry it upon 
his shoulder (25). In the Talmud, a 
scale of sizes is established in which the 
citron ranks at the head and the mustard 
seed at the foot (T. Yerushalmi, Nazir 
1:4). 

While it is beyond dispute that the 
citron was accepted as the “fruit of a 
goodly tree” at the turn of the Christian 
era, what is the evidence that the Jews 
took the citron with them into the Medi- 
terranean as they formed the early com- 
munities of the Diaspora? The reason 
why they might have done so is clear: 
The citron had assumed great impor- 
tance to the rabbis and the common man 
alike. Rigid specifications were laid 
down by the rabbis to which all citron 
used for the holiday ritual had to con- 
form: the fruit must be fresh; its skin 
must be undamaged; the stigma and style 
which are carried on its protuberant nip- 
ple must be in place; and at least the 
base of the stalk must be attached to the 
fruit (26). 

For the citron was more than an ob- 
ject used in ritual performance; it was 
a fruit with rich symbolical associations. 
The evidence for this is found primarily 


in the stories of the aggadists, who are 
the source of much of the legend and 
folklore concerning the Bible. According 
to one aggadist, the etrog corresponds to 
the heart of man (27). The citron tree, 
goes another aggadic legend, was the 
tree of knowledge of good and evil (28). 
Of course Western civilization is familiar 
with the apple, but this legend, too, grew 
from aggadic sources, and throughout the 
Middle Ages the two legends interlocked 
so that apple and citron were frequently 
substituted for one another in common 
usage (29). 

Not only to the rabbis and aggadists 
did the citron assume symbolical impor- 
tance; the common man participated in 
these attitudes. While no specifically re- 
ligious symbols appeared in Jewish art 
until about 40 B.c. (30, vol. 1, p. 273), 
from this time on the citron was one of 
the most common motifs on Jewish in- 
scriptions, tombs, mosaics, and ritual ob- 
jects (Fig. 5). Indeed, to a foremost stu- 
dent of Jewish art, the presence of the 
citron on unquestionably Christian re- 
mains is sufficient to indicate the pres- 
ence of Jews or Judaizing influences 
(30, vol. 2, p. 97). 
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The accompanying map (Fig. 6) 
shows the universality of the etrog sym- 
bol in the Jewish Diaspora of the early 
Christian centuries, as well as the extent 
of Jewish settlement both in towns and 
on the land. The existence of the symbol 
on Jewish remains in a given area does 
not in itself constitute proof that the tree 
was grown there. Nor does the absence, 
to date, of the symbol in areas where we 
know Jewish communities to have existed 
mean that further archeological investi- 
gation would not disclose the citron in 
these places as well. The probability is 
great that wherever Jewish communities 
existed in the Mediterranean world there 
was common usage of the citron symbol, 
and that wherever it was at all prac- 
ticable the Jews not only drew, but also 
grew, the fruit. 

The map further shows, by what is at 
least an interesting coincidence, that the 
centers of early Jewish population (with 
the exception of Israel, these centers are 
no longer Jewish) roughly coincide with 
the centers of present-day. Mediterra- 
nean citrus production—that is, Mediter- 
ranean Spain, Algeria, Sicily, Calabria, 
the Nile delta, and the Levant coast of 
Israel, Lebanon, and Syria. Morocco and 
Tunisia are not today primary centers of 
citrus production, but it is worth noting 
that one of Morocco’s two producing 
centers for citrus, the Sebu basin (espe- 


cially the area between present-day 
Meknes and Fez), coincides with the 
region of Volubilis, an early Jewish pale. 
Significantly, moreover, Morocco and 
Tunisia remain important producers of 
citron, and up to very recent times the 
Tunisian citron even supplied sections of 
the Palestinian market. Morocco con- 
tinues today to be a source of supply for 
the American market (37). It is my be- 
lief that it is the antiquity of citrus cul- 
ture, originally introduced in these 
regions by the Jews, for whom cultivation 
of other citrus species was a by-product 
of citron cultivation, which explains the 
persistence of this horticultural specialty. 
It is interesting, in this light, that citron 
trees in these areas, certainly from the 
tenth century on, repeatedly served as 
grafting stock for other varieties of citrus, 
particularly the orange (2/, pp. 105-107; 
32). 

As Jewish communities multiplied in 
the Mediterranean Diaspora, references 
to the citron among non-Jews increased 
and became more accurate. In the period 
of Theophrastus the citron was consid- 
ered inedible by the Greeks (33), and as 
late as about A.p. 70 Pliny recorded the 
same opinion of the citron (Historiae 
Naturalis, XII, vii, 1). That Jews, on the 
other hand, ate citron we know from the 
practice of the period of the Second 
Temple, when children ate citron on the 





last day of the Feast of Booths (T. Bavli, 
Succah 4:7). Coincident with the in- 
creased dispersal of Jewish communities 
came the recognition, by the Romans, 
that the citron was edible. Indeed, citron 
recipes became common, and the fruit 
was frequently prescribed for its sup- 
posed medicinal or magical virtues (34), 

While there is no clear documentary 
evidence to show that the Jew introduced 
citron into the Mediterranean, the first 
records of the cultivation of citron from 
Jewish and from non-Jewish sources are 
from those areas with the oldest and larg- 
est Jewish communities. Thus, citron is 
found in the Peloponnesus, one of the 
earliest centers for Jews outside Pales- 
tine, probably at the end of the first cen- 
tury A.D., and there is definite proof of 
its cultivation there in the second cen- 
tury A.D. (27, pp. 75, 77). We know that 
in Mauritania, another area of early 
Jewish settlement, the citron was inten- 
sively cultivated at the beginning of the 
Christian era (2/, p. 69). Clearly, if the 
citron was grown at all in Italy at this 
time it was still a rarity. The only really 
reliable evidence pointing to the presence 
of citron trees in Italy, where for a long 
time after their acclimatization they 
were known as “Palestinian trees,” comes 
from Pliny, who mentioned the citron as 
one of those trees “which have already 
become naturalized with us” (Historiae 
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Fig. 6. The Jewish Diaspora of the early Christian centuries (39). ( 


1) Cities with large Jewish populations before the fourth century 


A.D. (so far as known) ; (2) dense Jewish rural settlement before the fourth century a.D. (so far as known) ; (3) area in which the 
etrog has been found depicted in situ; (4) areas of contemporary commercial citrus production. 
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Naturalis XII, vii, 1). The citron ap- 
pears in Roman art around the middle 
of the first century A.D., when it is found 
as a relief in the tomb of che Haterii on 
the Via Labicana. It occurs on wall 
paintings in Pompeii showing Jewish or 
Judaizing influences (30, vol. 2, p. 55). 
But although the citron was present in 
Italy, it was by no means a common 
fruit, for at the beginning of the fourth 
century its cost was still relatively high. 
In Diocletian’s edict of a.p. 301, fixing 
prices, the maximum price for a citron 
was set at 24 denarii, whereas a melon 
was set at 2 denarii (35). 


Role of Jews in Introduction 
of Other Citrus Fruits 


It is highly reasonable to assume that 
the Jews, to whom the citron was such a 
vital part of religious observance, were 
the prime agents in spreading the fruit 
and, as a by-product, in making it ac- 
ceptable to the non-Jewish population. 
Only the most perfect fruit might be 
used as etrogim, and for the less perfect 
citron it was also desirable to find a 
market. It is, moreover, highly probable 
that the Jews introduced other citrus 
fruits along with the citron and at least 
contributed to their spread. It is com- 
monly assumed that the orange and 
lemon were introduced into Europe in 
the tenth century by the Arabs and that 
before this time the fruits had been un- 
known there. But it is scarcely likely that 
in a period when citron was intensively 
cultivated, the orange and lemon, fruits 
which have similar requirements, should 
have been overlooked by the Jews. In- 
deed, the Talmud mentions the “sweet 
citron” (T. Bavli, Shabbath, p. 109b) 
and the “spherical citron” (T. Bavli, 
Succah, p. 35a), both of which are now 
taken to refer to the orange. Different 
fruits of the genus Citrus tended for a 
long time to be given a common name, 
and the particular fruit was distinguished 
by the adjective applied to it. As late as 
the tenth century the Persian physician 
Abu-Mansur Muwaffaq stated that or- 
anges were commonly called “sweet 
lemons” (21, p. 106). S. Tolkowsky was 
the first to point out that sufficient evi- 
dence exists in Hellenistic and Roman 
art and literature for us to conclude that 
the orange and lemon were known in the 
early Christian centuries (2/, pp. 100- 
109). What appears most probable is that 
cultivation of citrus other than the citron 
died out in the centuries following the 
fall of the Roman Empire and that the 


23 JANUARY 1959 


fruits were reintroduced by the Arabs. 

The Jews became outstanding horti- 
culturists in the Mediterranean in the 
first centuries of the Christian era, and 
it may well be that the Jew’s need to 
grow citron was a factor in leading him 
to pursue this vocation. In Tarragona 
and Granada Jews owned the vineyards 
and orchards surrounding the towns 
(36). Jewish ownership of groves in the 
Balearic Islands at the end of the fourth 
century is likewise established (37). The 
extent to which Jews were cultivators of 
land can be shown in Sicily, a center of 
early citron production, where, by the 
beginning of the seventh century, Jews 
worked as coloni in large numbers on 
the lands of the church. In Lombardy the 
extent of actual Jewish landownership 
attracted the adverse criticism of Pope 
Gregory I, who wrote to the Bishop of 
Luna in Tuscany that he thought it 
wrong that the Jewish farmers should use 
Christian slaves on their land. He sug- 
gested that the Jews only be permitted 
to employ Christians as serfs (38). 

In spite of increasing restrictions im- 
posed on Jewish landownership in Chris- 
tian Europe from the fifth century on, 
as late as the twelfth century Jewish hor- 
ticultural skill was famous. When King 
Roger of Sicily wished to commence seri- 
culture in Corfu, he imported a com- 
munity of Jewish horticulturists into that 
island. It is highly probable that this 
marked the beginning of the growing of 
citron on Corfu, which was subsequently 
to become a primary source of etrogim 
for the Jews throughout northern Europe. 

The spread of citron and the attendant 
horticultural arts from Palestine to other 
Mediterranean shores is an instance of 
the influence of religion upon the devel- 
opment of the cultural landscape. The 
difficulty of separating out religiomagical 
motivations from economic, political, 
and other forces has led to the minimi- 
zation of the former. The geography of 
religion is, as a result, the least devel- 
oped of all geographic specializations. 
In fact, it has largely become a carto- 
graphic exercise in mapping the distri- 
bution of obviously religious categories— 
for example, distributions of population 
according to religion; distributions of 
churches, mosques, and other types of 
religious architecture, and so on. While 
there is no gainsaying the usefulness of 
such mapping, it stops short of examin- 
ing the influence of religion on regional 
economic structures, Failure properly to 
take into account religious forces in the 
modification of the landscape frequently 
leads to insufficient explanations of his- 


torical processes. The early history of 
citrus in the Mediterranean cannot be 
explained in terms of economic or social 
needs but depended upon the religious 
beliefs and observances of a people, 
based, in turn, upon rabbinic interpreta- 
tion of a Biblical commandment. If we 
accept the view that oranges and lemons 
were introduced with the citron at an 
early period, the disappearance of all 
types of citrus except the citron can simi- 
larly be explained only in terms of re- 
ligious motivation. In the anarchy fol- 
lowing the fall of the Roman Empire 
there was no group to whom the cultiva- 
tion of oranges or lemons was of vital 
interest; the citron alone continued to be 
grown without interruption, and fre- 
quently in the face of great difficulties, 
because it fulfilled the religious obliga- 
tions of one segment of the Mediter- 
ranean population. 
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of the earth’s crust. In order to clarify 
this definition it is necessary to define 
earth’s crust and to say a few words 
about ‘the nature of the excitation of its 
integument. 


Earth’s Crust 


The term earth’s crust is intended to 
designate the 10-mile-thick outermost 
layer of the silicate geochemical shell. 
This shell, the probable thickness of 
which is in the neighborhood of 100 kilo- 
meters, consists of igneous rocks and 
their Igneous rocks are 
largely made up of oxygen, silicon, and a 
half-dozen other elements, including alu- 
minum, iron, calcium, potassium, so- 
dium, and magnesium. These eight ele- 


derivatives. 
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ments make up more than 98 percent of 
the mass of igneous rocks. Less than 2 
percent of the shell is made up of other 
elements, the contents of which range 
from several tenths of one percent (for 
titanium) to mere traces. 

Oxygen makes up only a little less 
than half of the whole mass of the shell, 
but, because its density is low, it consti- 
tutes by volume more than 90 percent of 
the bulk. Silicon is the next most abun- 
dant element in the earth’s crust. It 
makes up about 27 percent, by weight. 
of igneous rocks (1). The density of sili- 
con, however, is much higher than that 
of oxygen; hence, in igneous rocks silicon 
constitutes less than 1 percent of the vol- 
ume. Aluminum and iron are the only 
other elements each of which makes up 
more than 5 percent of the mass of the 
earth’s crust (1). 

On the average, there are about 63 
atoms of oxygen in every 100 atoms 
making up the earth’s crust. All the oxy- 
gen is combined with other elements to 
form various oxides, which are arranged 
into crystalline lattices of rock-forming 
minerals, such as quartz, feldspars, and 
pyroxenes, 

Crystals of silicates, which make up 
more than 90 percent of the mass of igne- 
ous rocks (J), are essentially oriented 
clusters of large oxygen ions, thoroughly 
interbraced by the much smaller ions of 
silicon and aluminum and holding ions 
of other elements in the interstices of the 
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silicon-oxygen framework (2). Individ- 
ual atoms in a crystal are arranged in 
such a way that inside the lattice all 
valences are fully satisfied, all electronic 
charges are balanced, and each atom is 
accommodated according to its space re- 
quirement and coordination habit (3). 
These rules do not apply to the atoms on 
the surface of crystalline structures, 
which carry free charges, possess some 
amount of open valence, and have their 
coordination number only partly met. 
The electrostatic charges and open val- 
ences of these atoms serve as the root of 
the surface energy of crystalline struc- 
tures and provide the braces uniting 
various crystals into a massive rock. 

On the surface of the earth’s crust, 
solid rocks make contact with the at- 
mosphere and become subject to weath- 
ering, the general trend of which is to- 
ward the ionic dispersion of matter. In 
the course of this process, somewhere be- 
tween the initial and final stages, the 
solid rocks are broken down into loose 
earthy material. This intermediate prod- 
uct of weathering consists of sand, silt, 
and clay, with an admixture of coarser 
fragments of initial rocks. 

By far the greater part of this loose 
material does not remain in place but is 
shifted and assorted by running water, 
wind, or glaciers and is redeposited in 
other places. As a result of these move- 
ments the thickness of regolith varies, 
from place to place, from virtually noth- 
ing to several kilometers (4). 

This is the loose mantle of the earth’s 
crust, the outermost layer of which, hav- 
ing a thickness of hardly more than 2 or 
3 meters, is permanently excited and 
transformed into soil. 


Exogenic Excitation 


Excitation of the skin of the earth’s 
crust is caused by the continuous appli- 
cation to it of extraneous energy. Energy 
flows toward the surface of the earth 
from two different sources. Part of it is 
cosmic and flows from the space outside 
the earth. Another part is generated in a 
slow atomic decay of radioactive ele- 
ments inside the crust. For brevity, let us 
call these types vadose energy and ju- 
venile energy, respectively. 

Solar radiation annually intercepted 
by the earth and representing the bulk of 
vadose energy amounts to about 1.27 x 
1072 kcal (5). About 57 percent of it is 
reflected from the clouds, absorbed in the 
atmosphere, or scattered through space 
(6). The remaining 43 percent, equiva- 
lent to about 5.5 x 102° kcal per year, 
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passes through the atmosphere and 
reaches the surface of the earth, by which 
it is absorbed and where it is transformed 
into heat and chemical energy. The sur- 
face of the earth has an area of about 
5.1 x 1018 cm?. Hence, on the average, 
the rate of inflow of vadose energy 
amounts to about 108 kcal/cm? per year. 

Annual rainfall on the land amounts to 
about 1.23 x 1014 metric tons, or roughly 
120,000 km of water. About 78 percent, 
or some 96,000 km, of this water is pro- 
vided by evaporation from the land (7). 
Evaporation of this water requires about 
5.8 x 101° kcal, or some 36 percent of the 
solar radiation received by the land. 
Thus, on the average, more than one- 
third of the incoming energy is consumed 
in the evaporation of water, leaving about 
68 kcal/cm? per year to warm up the 
absorbing body. 

Raising the temperature renders the 
receiving body radiant; hence, the earth’s 
surface sends back into the atmosphere a 
part of its energy in the form of infrared 
radiation, which is largely absorbed in 
the air and warms up the lower layer of 
the troposphere. Another part of this 
heat generated on the surface of the land 
is transferred into the ground. Such an 
inflow of vadose energy, however, does 
not penetrate the ground very deeply. At 
a distance of only a few meters from the 
surface it meets the counterflow of out- 
going juvenile energy. 

The average thermoconductivity of the 
earth’s crust is 0.004 calories (8), and the 
average geothermal gradient is about 
30°C per kilometer. Under these condi- 
tions the flow of juvenile heat is very 
slow indeed. The pressure of this cur- 
rent of energy, however, is great, as is 
shown by its ability to check the many- 
times-faster inflow of the vadose energy 
at such a short distance from the point 
of entrance of this energy. 

Thus, the skin of the subaerial part of 
the earth’s crust, having a thickness of 
only a few meters, might be conceived of 
as a sort of thermal pool into which flow 
two streams of energy. The capacity of 
this pool is determined by the tempera- 
ture above which the excess of energy is 
discharged into space. The inflow of ju- 
venile heat contributes very little of its 
own energy to the pool, but it buffers dis- 
sipation of the vadose heat into the 
ground and serves to keep a fairly high 
energy level in the pool. This is the ex- 
traneous energy which excites the skin of 
the earth’s crust. The rate of inflow of 
this energy varies from place to place 
and determines the degree of excitation 
of the receiving system at any given 
point. 


Soil Dynamics 


Continuous charging with extraneous 
energy transforms the thin exterior layer 
of the relatively inert crust of the earth 
into a thermodynamic system. The per- 
formances of this system, referred to col- 
lectively as soil dynamics, represent the 
totality of movements which continuously 
are made throughout the system. Some 
movements are very slow, whereas others 
are made in a flash. Some movements 
consist of mere oscillation of an atom in 
the crystalline lattice; others result in 
transporting millions of tons of dissolved 
substances from the continents into the 
oceans (1), so that some movements 
cover just a fraction of 1 angstrom while 
others extend for many kilometers. 

Every movement, whether large or 
small, is a change in place or position 
and represents a certain amount of work, 
which consumes an equivalent quantity 
of energy. The amount of work which 
might be performed by the system de- 
pends upon the free energy of this sys- 
tem. If the intrinsic energy of the system 
is exhausted and the system is not re- 
charged, then its activity comes to a stand- 
still. Ceaseless excitation of the soi} 
system by vadose energy enables it to 
function throughout geological history. 

An essential part of soil dynamics con- 
sists of movements in the atomic and sub- 
atomic regions—that is, movements rep- 
resenting various chemical reactions. An 
ordinary chemical reaction is caused by 
the collision of sufficiently excited mole- 
cules or ions (9). Excited ions of the 
solid phase of the soil system, however, 
are mounted in a crystalline lattice on the 
surface of solid particles. They may ro- 
tate or oscillate but cannot move from 
their nests unless kicked out by other 
ions. Hence, collisions take place when 
free ions, disseminated in the liquid and 
gaseous phases of the soil system, bump 
into the mounted ions. 

Reactions between the solid and non- 
solid phases of the system show that this 
part of soil dynamics consists largely of 
acts of surface chemistry and bring out 
the significance of the comminution of 
soil solids. The rate of a chemical reac- 
tion is, of course, proportional to the 
active mass of the reactants. The active 
mass of soil solids consists essentially of 
the excited ions which form the mono- 
ionic surface film of solid particles and, 
thus, is proportional to the specific sur- 
face of this material or inversely propor- 
tional to the particle size. The active 
mass of dispersed 1-micron clay presum- 
ably is more than 100 times greater than 
that of fine sand. 








Oxidation, Carbonation, Hydration 


The surface of soil-solid particles is 
bombarded especially by the free ions ot 
oxygen, carbon dioxide, hydrogen, and 
hydroxyl of dissociated water as well as 
by the whole, bipolar water molecules. 
When water vapor condenses to rain 
water, some quantities of free oxygen, 
carbon dioxide, ammonia, and other 
gases are dissolved in this water. 

The rain water which falls on land 
brings with it about a billion tons of dis- 
solved free oxygen and almost an equal 
amount of dissolved carbon dioxide (10). 
Like all natural waters, it contains also 
some free hydrogen and some hydroxyl 
ions. 

A certain part of this water is inter- 
cepted by vegetation or evaporates from 
the surface without entering the ground. 
The remaining part percolates slowly 
through the porous ground and comes 
into intimate contact with mineral par- 
ticles; this allows dissolved free ions to 
react with the ions on the surfaces of 
these particles. 

Steady inflow of free ions of oxygen, 
carbon dioxide, hydrogen, and hydroxyl, 
as well as inflow of polar water molec- 
ules, results in the conspicuous oxida- 
tion, hydration, and carbonation of the 
excited skin of the earth’s crust. Indeed, 
various other ions, including those of cal- 
cium, potassium, iron, and sulfur, some 
of which might be washed by rain from 
the air but which are largely kicked out 
by hydrogen ions from broken crystalline 
lattices, also appear in solution and take 
part in reactions, thus inflicting other 
changes in the composition and structure 
of the system. 

Oxidation results in fixation of free 
oxygen. Since dry oxygen is more or less 
inert, the free oxygen dissolved in rain 
water is the principal agent. Oxidation is 
essentially a surface phenomenon, and 
free oxygen brought into the system is 
consumed largely near the surface. The 
chief recipients of it are ferrous iron, 
which is oxidized to ferric compounds, 
and organic carbon, which is oxidized to 
carbon dioxides, 

Carbonation, or enrichment of the sys- 
tem in carbon, is manifested in two dif- 
ferent forms—an enrichment in organic 
carbon, about which more will be said 
later in this article, and enrichment in 
carbonates of “mineral” carbon. Carbon- 
ates of alkalis and alkaline earths are 
among the commonest products of chem- 
ical weathering. They remain in the sys- 
tem, however, only under certain condi- 
tions, which. are not universal. When 
there is an excess of CO, they change to 
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easily soluble bicarbonates, pass into so- 
lution, and, if there is sufficient rainfall, 
may be quantitatively leached from the 
system to be carried to the sea or into 
the deeper parts of the earth’s crust. 
Hydration leads to the general en- 
richment of the system in water and to 
formation of hydrates and hydrated sec- 
ondary minerals such as various clay 
minerals. Hydrolysis is another conspicu- 
ous process in the decomposition of sili- 
cates. The role of water in soil dynamics, 
however, is not restricted to hydration 
and hydrolysis. Water acts in so many 
different ways that its role cannot be 
adequately described in a short article. 


Exergonic and Endergonic Processes 


Oxidation and hydration as well as 
formation of carbonates and other salts, 
like all spontaneous natural processes, are 
essentially exergonic. Some part of the 
free energy is consumed in all these proc- 
esses, whereas the entropy of the system 
increases. Should operation of the system 
consist wholly of exergonic processes, the 
intrinsic energy of the system would 
sooner or later be exhausted, and further 
operation would become impossible. Soil 
systems, been active 
throughout geological history. We know 
of no traces of the beginning of this ac- 


however, have 


tivity, nor can we find any symptom of 
its probable end. Hence, exergonic proc- 
esses in the soil must be balanced by the 
reverse endergonic processes which re- 
plenish the free energy of the system. In 
fact, the rate of inflow of fresh energy 
through endergonic activity determines 
the possible amount of exergonic per- 
formance of the system. So little is 
known, however, about the thermody- 
namic properties of the silicates and 
other rock-forming minerals that the 
energy balance of soil dynamics cannot 
be analyzed at the present time. 

The best known endergonic process is 
the enrichment of soil in organic carbon. 
An essential part of this process—photo- 
synthesis—takes place outside the soil. It 
is the function of green plants. Photo- 
synthesis by land vegetation consumes 
about 60 to 70 billion metric tons of CO, 
per year (11). The over-all formula (12) 
for this process is: 


6H:0 + 6CO: + 688 kcal/mole > 
CoHi2Oc + 602 


Thus, photosynthesis on land results in 
fixation of about 18 billion metric tons of 
carbon and about 1.7 x 1017 kcal of solar 
energy per year. On the average it 
amounts to fixation of about 3.4 milli- 


grams of carbon and about 33 calories 
per square centimeter, per year. Even- 
tually the organic material holding this 
carbon and energy is turned over to the 
soil, where carbon undergoes oxidation 
back to CO, and energy is released. 
Another endergonic process is the 
comminution of solids. At present this 
process can be described only in qualita- 
tive terms, because of the lack of infor- 
mation about its scope. As a general rule, 
breaking of a chemical bond requires ap- 
plication of energy, which is absorbed 
by the products of the process. The sum 
of the free energies of disunited ions is 
greater than the free energy of a molec- 
ule which has been made of these ions. 
The sum of the surface energies of frag- 
ments of a crystal is greater than the sur- 
face energy of an unbroken crystal. Vir- 
tually nothing is known about the rate of 
energizing soils by this process. 


Steady State of Soil System 





Under the obvious influence of the phi- | 


losophy of biological sciences, soil scien- 
tists have conceived of the soil as an 
“independent” natural body, and this 
body—very vaguely, if at all, defined— 
has been endowed with certain attributes 
peculiar to organisms (J3). One such at- 
tribute is the faculty of growth and of 
aging from youth to maturity to ultimate 
senility. Some rather allegoric statements 
of the pioneers of soil science, such as 
Dokuchaev’s dictum that “soil, like any 
other plant or animal organism, eternally 
lives and changes, now progressively and 
then regressively” (74), have been taken 
literally and have been uncritically elabo- 
rated into the untenable theory of meta- 
physical soil “ages.” 

Every thermodynamic system tends to- 
ward equilibrium with its surroundings, 
and such a condition might be ap- 
proached very closely if the surroundings 
remain constant long enough. This ten- 
dency toward equilibrium is an inevit- 
able consequence of the law of mass 
action. The term equilibrium may be 
somewhat confusing because of insuffi- 








cient appreciation of the difference be- | 


tween dynamic and static equilibria. Dy- 
namic equilibrium is the state at which 


the forward and the reverse processes do | 


not cancel one another but operate simul- 
taneously at equal rates (75). In such a 
state a new molecule is formed at some 
point of the system for every similar 
molecule annihilated at the same time at 
some other point, so the concentration of 
these molecules or substances in the sys- 
tem does not change in spite of continu- 
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ous creation and destruction of these 
particular molecules or substances. The 
best illustration of dynamic equilibrium 
is the reversible process or a cyclic series 
of consecutive reactions. Both of these 
are possible only under the conditions 
that exist when extraneous energy is 
steadily applied to the system. 

Physical and chemical processes in soils 
collectively represent what we call the 
“pedogenic process.” This process itself 
is not cyclic. The dynamic equilibrium, 
or a steady state of the soil system, is 
maintained by the broader geochemical 
cycles, in which the pedogenic process 
makes up only a short segment. Thus, the 
pedogenic process might be likened to 
the section of an aggraded stream be- 
tween two bends. Continuously some 
water is discharged beyond the down- 
stream bend, and simultaneously the 
same amount of water flows from beyond 
the upstream bend. Nothing is lost or 
gained between the bends, but water runs 
steadily and performs some steady work. 
Time and time again we may come to the 
bank to observe the same pattern of rip- 
ples or hear the same warbling of a 
rapid, although the water is never the 
same. The steady state of a stream be- 
tween two bends is maintained by a 
galaxy of factors, including steady evapo- 
ration of water by solar energy, distribu- 
tion of water vapor by winds, condensa- 
tion of this vapor, and a steady rainfall 
over the headwater region. All this takes 
place outside the channel and the area 
traversed by the stream, but all these fac- 
tors collectively serve to maintain a 
steady performance of the stream. Natu- 
rally, the steadiness of stream activity 
lasts only as long as the base of erosion, 
the gradient of the stream, the sources 
of water, and other conditions remain 
constant. 

The corresponding “stream” in the 
pedogenic process is the stream of ions 
of various elements and energy. The mi- 
gration of carbon atoms is understood 
somewhat better and in greater detail 
than the movement of other elements. 
Hence, a brief review of the behavior of 
carbon in the pedogenic process might 
illustrate the point. 


Migration of Carbon 


An enrichment of the initial material 
in carbon is a conspicuous feature of soil 
formation. The average content of car- 
bon in igneous rocks is about 0.1 percent 
(1), whereas the content of organic car- 
bon alone in some grassland soils is well 
above 5 percent (/6). Usually this en- 
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richment is referred to as accumula- 
tion of organic carbon. The term ac- 
cumulation is rather misleading. Actual 
accumulation takes place only at the be- 
ginning of the process; the rate of ac- 
cumulation gradually dwindles to the 
vanishing point as the system approaches 
equilibrium, Thereafter the content of 
carbon remains constant as long as the 
steady state is not disturbed. 

It has been pointed out already that 
photosynthesis by land vegetation fixes, 
on the average, about 3.4 milligrams of 
carbon per square centimeter per year. 
Life on earth changes its morphological 
aspect, but its volume, presumably, is a 
geochemical constant (17), determined 
by such factors as the concentration of 
CO, in the atmosphere and the ocean, 
the intensity and distribution of solar 
radiation, the rate of release of essential 
elements by chemical weathering, and 


the availability of water. Thus, carbon 
does not accumulate in living matter. 
Assimilation of free carbon by photosyn- 
thesis is more or less balanced by oxida- 
tion of organic carbon. 

The detailed balance sheet for carbon 
cannot be discussed here. Nor can we dis- 
cuss any movements of carbon atoms 
other than pedogenic. For our purposes 
it is enough to point out that an amount 
of carbon, equal to the mass of carbon 
assimilated by photosynthesis less the 
amount of this element released by respi- 
ration of organisms [about 15 percent of 
the value for photosynthesis (11)], is 
turned over to the soil in the residue of 
dead organisms. In the soil this residue 
undergoes mineralization or gradually 
breaks down into the simplest end prod- 
ucts, such as water, carbon dioxide, am- 
monia, and some simple salts. 

Fresh organic residue consists of dif- 
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Geochemical cycles of carbon. (Top) Short cycles; (bottom) long cycles. Estimates of 
the amounts of CO: in long cycles are based on data suggested by Vernadskiy (see 17), 
Clarke, Fersman, Noddack, Wickman, Goldschmidt, Mason, and others. Their purpose 
is merely to give some idea about the probable order of magnitude. 
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(Left) Profile of a podzol, a forest soil of the humid temperate belt. The light band near the surface of the soil is the bleached “eluvial” 








horizon, in which all relatively unstable primary minerals, including feldspars and ferromagnesian minerals, undergo drastic decomposi- 
tion. Virtually all products of decomposition are washed out by rain water, so the bulk of this horizon consists of finely crushed crystals 
of quartz. The outermost part of the horizon is marked by dark soil humus; beneath the bleached zone is the dark ‘lluvial” horizon in 
which the products of decay of primary minerals may be partly recombined into the secondary clay minerals. (Right) Profile of a cher- 
nozem, a typical grassland soil. The dark upper horizon of this soil is the zone of enrichment in organic carbon. Beneath it is the zone 
of local concentration of free carbonates, largely CaCOs. Concentration of carbon in the upper horizon, the thickness of this horizon, 
the depth at which free carbonates begin to precipitate, and the content of “mineral” carbon in the second horizon are among the 
principal chemical and physical coefficients which, collectively, define the equilibrium constant of this soil, adjusted to its physical and 


biological environment. 


ferent substances: carbohydrates such as 
cellulose and lignin, proteins, fats, resins, 
waxes, and so on (/8). Some substances 
decompose readily and in a short time. 
Some others are more stable and persist 
for several years. Still others survive for 
many years. Decomposition of organic 
residue is the work of soil microorgan- 
isms which scavenge organic residue but 
build their own bodies. They break down 
the protein of old residue, including 
their own dead, and synthesize new pro- 
tein in their bodies. Thus, mineralization 
of the yearly installment of fresh residue 
takes more than a year—under certain 
conditions, even many years—and each 
year a new installment is added to what 
has been left from the preceding years. 
Theoretically, at the beginning of the 
process some accumulation of organic 
matter, and hence some increase in the 
concentration of carbon in the soil, must 
take place. The number of carbon atoms 
undergoing oxidation, however, must in- 
crease with the increase in concentration 
of these atoms in the system, so that 
sooner or later a condition is reached in 
which the number of carbon atoms being 
oxidized or otherwise inactivated equals 
the number of new active atoms of this 
element being added to the system at the 
same time. When such a condition is 
reached, the system reaches a steady state 
and remains thereafter in this state as 
long as its surroundings do not change. 
An essential characteristic of this state is 
that the composition of the system does 
not change, whereas its mobile com- 
pounds are subject to steady replace- 
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ment, atom for atom or molecule for 
molecule, 

Oxidation of organic carbon does not 
compensate for the assimilation of car- 
bon by photosynthesis. A certain part of 
organic carbon escapes oxidation, being 
deflected into the channels of long geo- 
chemical cycles in the course of which 
various ( peat, 
coal, petroleum, and so on) are formed. 
The discussion of these cycles is beyond 
the scope of this article. 

Enrichment of the soil in organic car- 


carboniferous deposits 


bon does not cover other movements of 
carbon atoms. Photosynthesis is not the 
only means of entry of carbon into the 
soil. It has been pointed out already that 
a fairly large amount of dissolved CO, 
is brought to the soil by rain water. An- 
other undetermined but undoubtedly 
large quantity of carbon is released by 
the solution of limestones and other cal- 
careous rocks. Again, not all carbon di- 
oxide produced by oxidation of organic 
carbon escapes into the air. A certain 
part of it is dissolved in the soil water. 

The dissolved CO,—more correctly, 
free ions of carbonic acids (CO,-- and 
HCO,-)—reacts with free bases, espe- 
cially the hydroxides of alkalis and alka- 
line earths, to form carbonates. 

As mentioned earlier, at the point 
where there is an excess of CO,, the car- 
bonates change into the more soluble bi- 
carbonates and may be leached out. 
Hence, carbonates remain in the system 
only if their rate of solution is lower than 
their rate of formation. These rates refer 
to the number of molecules that are 


broken down and the number of similar 
molecules that are formed anew in a 
given time. Here, again, at the beginning 
of the process an accumulation of car- 
bonates takes place; but the rate of such 
an accumulation decreases exponentially 
until the steady state is reached, at which 
time the content of carbonates becomes 
stabilized, due to the compensation for 
solution and leaching provided by the 
formation of new molecules. 

The concentration of the mobile com- 
pound in the system which has reached a 
steady state depends upon the ratio be- 
tween the rates of formation and annihi- 
lation of this particular substance. The 
wider this ratio, the higher the concen- 
tration of the compound in question. 

The ratio between the rates of forma- 
tion and annihilation, or the rate of cap- 
ture of free ions by the system and the 
rate of escape of similar ions from the 
system, may or may not be uniform 
throughout the system. The rate of an- 
nihilation or escape may be high enough 
to prevent any accumulation in one part 
of the system but may drop below the 
rate of formation to make accumulation 
possible in another part. Thus, not only 
the presence or absence but also the con- 
centration of mobile compounds and 
their distribution throughout the system 
depend upon the basic ratios between 
their rates of formation and destruction. 

According to the old concepts, which 
still have a wide circulation, the soils are 
subject to aging, and therefore concen- 
trations of mobile compounds in the sys- 
tem either increase or decrease with 
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passing time and the specific parts of the 
system harboring these compounds either 
expand or shrink. These somewhat naive 
ideas are merely a sort of persistent reso- 
nance of the philosophy of biological 
sciences which influenced the pioneers in 
soil science. 


Soil Profile 


The migration of carbon is sketched 
here merely as an example of the general 
trend of the migration of elements 
through the soil. Atoms of oxygen, ni- 
trogen, calcium, magnesium, potassium, 
sodium, iron, sulfur, phosphorus, man- 
ganese, and other elements pass in end- 
less procession along similar courses. 
Some of them come from the air or the 
ocean; others are released by weathering 
from the primary minerals. Ions which 
escape from the soil may disseminate 
through space, be carried to the ocean, 
or sink into the zone of anamorphism. 
Soil science is not concerned with where 
they come from or where they go after 
leaving the pedogenic part of the cycle. 
The destiny of these atoms outside the 
soil is beyond the scope of this discipline, 
which is oriented toward counting these 
atoms and watching their performance 
on one particular and short stretch of 
their route. 

The soil serves as a sort of turnstile 
through which pass endless swarms of 
atoms of excited matter. Most of these 
atoms participate in a series of consecu- 
tive reactions en route. Individual reac- 
tions are more or less localized; some of 
them take place near the surface, others 
at one or another depth. Thus, organic 
carbon is oxidized predominantly in the 
outermost part of the soil, whereas free 
carbonates precipitate largely (though 
not exclusively) at some depth. 

Each reaction imparts to the initial 
material certain new characteristics. To 
begin with, the products of various re- 
actions are concentrated in different parts 
of the system; hence these parts, en- 
riched in different elements or com- 
pounds, acquire individual composition, 
structure, consistence, and perhaps color. 

Not all such alterations of the initial 
material are caused by chemical reac- 
tions. Some of them are effected by me- 
chanical processes, such as shifting and 
rearrangement of finely subdivided sub- 
stances by percolating water inside the 
soil or, on the surface, by runoff, wind, 
ice, or other agencies. 

Every process or reaction is accom- 
panied by a certain change in the energy 
content of the reactants and of the prod- 
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ucts. Various reactions require a differ- 
ent activation energy, which serves as a 
sort of trigger. Some processes are en- 
dergonic, whereas others are exergonic. 
Hence, each individual part of the sys- 
tem is characterized by its own energy 
requirement and energy balance. In some 
parts, potential energy is stored; in 
others, energy is unlocked. 

Localization of different forms of ac- 
tivity and the differential alteration of 
the initial material by these forms of ac- 
tivity render the soil somewhat layerated, 
imparting to it a conspicuous profile. The 
term profile calls to mind a certain curve, 
and this is exactly what a graphic recon- 
struction of the soil profile is. 

A maximum intensity of any property 
of the soil is at some particular level of 
the system. Away from this level, the in- 
tensity of this property dwindles to the 
vanishing point. Now, if the soil is cut 
into slices, if the value of a given prop- 
erty is determined for each slice sepa- 
rately, and if the results are plotted on 
a diagram against the depth, then we ob- 
tain a curve representing the soil profile 
with respect to this particular property. 
A combination of curves showing pro- 
files of all essential properties of the soil 
makes up a graphic reconstruction of the 
whole soil profile. 

A soil profile shows the paragenetic 
system of individual soil horizons. In a 
purely formalistic way, a soil horizon is 
defined as a layer of soil, roughly parallel 
to the land surface, which differs from 
the other layers of the same soil in one 
or several determining characteristics, 
such as color, composition, and consist- 
ence. The essence of genetic soil hori- 
zons, however, lies in the functions which 
they perform rather than in their mor- 
phology. Individual soil horizons are the 
working aggregates of a complex ther- 
modynamic system. With respect to their 
relationships to the whole system, they 
might be likened to the organs in a liv- 
ing body, each of which is adapted for 
the performance of some specific func- 
tions. Continuous performance of its spe- 
cific functions imparts to each horizon its 
individual chemical and morphological 
character. 

The uppermost soil horizon usually is 
enriched in organic carbon. One of the 
essential of this horizon is 
oxidation of organic carbon to CQ,, a 
process referred to sometimes as “soil 
respiration.” Oxidation of carbon is ac- 
companied by release of stored vadose 
energy, which is another conspicuous 
function of this horizon. Decomposition 
of organic residue in this horizon is 
brought about by the soil microorganisms 
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which produce various enzymes. Enzymes 
are powerful catalyzers which accelerate 
chemical decomposition of minerals and 
release of free ions. Thus, production of 
enzymes is the third important function 
of the upper soil horizon. Another ho- 
rizon might be adapted for a particularly 
effective hydrolysis of certain alumino- 
silicates and production of clay minerals. 
Still another horizon is adapted for pre- 
cipitation of carbonates. These are just a 
few examples of specific functions of in- 
dividual soil horizons. 


Legend about Soil Evolution 


Every thermodynamic system in equi- 
librium with the surroundings reacts to 
changes in the surroundings in such a 
way as to free itself of stresses caused by 
these changes (Le Chatelier, 19). The 
relief of internal stresses is achieved by 
the shift of equilibrium from one level to 
another with a corresponding change in 
equilibrium constant. 

The surroundings which determine the 
steady state of the soil are a local com- 
bination of the climate, the land form, 
the biological pressure, and the initial 
material. These four determinants are 





Profile of the soil of arid regions, showing 
a conspicuous prismatic (dark) horizon 
which might indicate “solonization” of 
the soil. Some physical and chemical prop- 
erties of such soils render the latter unpro- 
ductive for plants. Amelioration of these 
soils is difficult and costly. Usually such 
soils do not occupy large continuous areas 
but occur in small spots, scattered through- 
out the land, occupied by nonsolonized or 
weakly solonized soil. 


191 








recognized as the essential factors of soil 
formation, Maintenance of the steady 
state of the soil requires that these fac- 
tors remain more or less constant. Their 
constancy is not absolute, indeed. To be- 
gin with, the intensity of irradiation of 
the land is subject to daily and seasonal 
fluctuations due to the earth’s rotation 
on its axis and revolution about the sun. 
Hence, vadose energy comes to the soil 
in daily and annual waves which cause 
the steady state of the system to oscillate 
about a certain mean position. In addi- 
tion to these more or less rhythmic vibra- 
tions of the steady state, some erratic 
deviations from the mean, representing a 
degree of imperfection of nature, also 
disturb the steady state. These sporadic 
deviations are caused by yearly differ- 
ences in amount and distribution of rain- 
fall, in mean temperature, in cloudiness, 
and so on. Presumably, these relatively 
small disturbances of the steady state, 
erratic as well as regular, do not leave 
any residual and cumulative effects, and 
after each disturbance the system returns 
to the same ground state. 

The lasting and more _ profound 
changes in soils are caused by environ- 
mental changes of a different kind—for 
example, the climatic changes in the 
Pleistocene. Such changes could not take 
place without being accompanied by 
equally great changes in vegetation and 
in the character and the rates of erosion 
and sedimentation. These interdepend- 
ent changes in all determinants of the 

















soil’s steady state necessitate a simulta- 
neous adjustment of the soil to the new 
conditions. If changes in the environment 
are slow enough, then readjustment of 
the soil proceeds hand in hand with 
them, and at no time is the soil out of 
equilibrium with the surroundings. Cata- 
strophic changes, however, might leave 
the soil temporarily out of balance, and 
reestablishment of balance requires a cer- 
tain amount of time. 

The ability of the soil to readjust itself 
to the changing environment was recog- 
nized by the pioneers in soil science, who 
established cases of striking 
changes in the character of soils and 
concluded that soils are capable of evo- 
lutional development. Ideas about soil 
evolution proved to be quite popular, 
although they are clearly an outgrowth 
of the influence of the same philosophy 
of the biological sciences which was men- 
tioned above. Followers of this school 
postulate that time is the fifth essential 
determinant of soil formation and that 
the character of soil changes merely with 
the passing of time, even if all other 
determinants remain constant (20). The 
offspring of this postulate is the theory of 
soil ontogeny and ages, such as youth, 
maturity, and senility. 

Equilibrium constants of soils in a 
steady state vary from place to place 
with local conditions. These soils differ 
from one another in some chemical as 
well as morphological characteristics. 
The differences might be in kind or only 
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Typical “structural” profiles of three different soil types. (Left) a chernozem; (middle) 


a podzol; (right) a solonized soil. 
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in degree—that is, qualitative or quan- 
titative. A certain horizon might be pres- 
ent in one place and absent in another. 
Again, the same horizon might be, per- 
haps, twice as thick in one place as it is 
in another, and better developed. All 
such differences are due to some differ- 
ences in local conditions. Notwithstand- 
ing these differences, each of these soils 
might be in a steady state, adjusted at 
every point to its specific environment. 
To interpret these local variations as rep- 
resenting different stages of soil ontogeny 
is hardly anything more than wishful 
thinking. 

Time and space are elements of the 
essence of being but not factors in any 
particular form of being. Every material 
object occupies a certain space, but its 
existence is not caused by the space. 
Every change takes a certain time, but, 
again, it is not caused by mere passing of 
time. 

Dependence of soil upon the environ- 
ment is so complete that evolutional de- 
velopment of the soil would be possible 
only in unison with a similar develop- 
ment of the determinants of soil forma- 
tion. As pointed out earlier, the environ- 
mental factors are not fixed, indeed. 
Their changes, however, are of a differ- 
ent kind (27). 

Changes in climate do not lead to the 
development of some new types of cli- 
mate which did not exist before. These 
changes consist especially of changes in 
mean temperature and rainfall in cer- 
tain regions. There is no indication that 
there have been significant changes in 
solar constant during geological history. 
Hence, probably there have been no sig- 
nificant changes in the amount of evapo- 
ration from the earth’s surface and the 
total rainfall on earth. Distribution of 
this precipitation over the earth’s surface, 
however, is not fixed. Geographical dis- 
tribution of cold and warm climates ap- 
parently also is changeable, even though 
perhaps not within such wide limits as 
the distribution of dry and humid cli- 
mates. 

The same holds true about land forms. 
Periods of accelerated mountain forma- 
tions alternated with periods of pene- 
planation. A formerly mountainous land 
could have been leveled in one period, 
whereas mountains would rise on what 
used to be a plain, if not the sea bottom, 
in another period. But whenever moun- 
tains or plains have been formed, they 
have been just ordinary mountains or 
plains. There is no indication of the 
development of some peculiar, entirely 
new, land forms which did not exist in 
earlier periods. 
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Glinka’s world soil map, a scheme of the global soil system (showing zonation of soils) which was discovered by V. V. Dokuchaev at the 
close of the last century. The northernmost zone is occupied by the primitive tundra soils. The next broad zone is the kingdom of pod- 
zolized soils, the most highly developed local form of which is the podzol. The third principal zone is occupied by the chernozems and 
closely related chestnut soils, followed by the boorozems of the subarid zone; this zone, in turn, grades into the desert zone. In the lower 
latitudes on both sides of the equator, all horizontal soil zones are distorted and partly eliminated by vertical zonation caused by relief. 
Each soil zone is characterized by a different equilibrium constant of its soil, corresponding in each belt to the zonal intensity of radia- 
tion, rainfall, and biological pressure. The map was published by Prassolov after Glinka’s death, in Priroda (1928). 


The same minerals and rocks have 
been attacked by the same physical and 
chemical agencies and altered in the 
same ways to yield the same products 
throughout most of geological history. 
Old clays and sand, no matter when they 
were formed, do not differ from clay and 
sand being formed now. Erosion, when- 
ever it has occurred, results in the same 
sorting of loose rock waste and deposi- 
tion of sediments. Again, there are no 
traces of the development of some new 
mineral or new kind of material. 

Thus, changes in climate, land forms, 
and source materials are essentially 
changes in distribution over the earth’s 
surface of certain types or kinds of these 
components of geographical landscapes. 
These changes cause readjustment of 
local soils to the different conditions, 
ind thus -redistribution of various soils 
over the land, but they cannnot stimulate 
an evolutional development of new soil 
species. 

Only in the biosphere do we see a re- 
markable train of changes with time. 
These changes have been confined espe- 
cially to forms of life. Probably there 
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were no great changes in the amount of 
life. Living matter has a seemingly in- 
satiable urge for expansion and _prob- 
ably has saturated the geophysical sphere 
fitted for life from the beginning of its 
existence. Nor have there been any radi- 
cal changes in the basic composition of 
living matter. The protoplasm of the 
amoeba does not differ from the proto- 
plasm in the cells of the higher or- 
ganisms. 

The true causes of biological evolution 
still are unknown. Perhaps this process is 
driven onward by some powerful intrinsic 
impulses of living matter, rather than by 
external influences. This subject is be- 
yond the scope of this article. We con- 
sider living matter in terms of its mass, 
its chemical composition, its energy, and 
its rate of renovation rather than in terms 
of morphology and individual organisms. 

Biological pressure (22) is an essential 
factor of soil formation. Changes in this 
pressure, caused by changes in the den- 
sity of generic composition of vegetation 
and other organisms, do disturb the 
steady state of the supporting soil and 
cause its readjustment. The latter, how- 


ever, is merely a manifestation of the 
natural law (Le Chatelier, 19), rather 
than an evolutional process, even if it has 
been triggered by the evolutional change 
of its immediate cause. 


Soil and Life 


The soil is spoken of as a sort of bridge 
between the organic and mineral worlds 
(23). This bridge carries a two-way traf- 
fic. Plants obtain from the soil the essen- 
tial elements without which the organic 
world would not exist, whereas organic 
residue returns the borrowed elements 
and brings, in addition, other elements, 
notably carbon and oxygen, to enrich the 
mineral framework of the soil. In this 
way some ions of calcium, potassium, 
magnesium, phosphorus, sulfur, and other 
elements temporarily withdraw from the 
pedogenic process, being captured by liv- 
ing matter. 

The mass of living matter on land is 
of the order of magnitude of nx 10!” 
metric tons, where n is hardly more 
than 2 (24). The bulk of it is made 
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of nonlithophilic elements—oxygen, car- 
bon, hydrogen, and nitrogen—and con- 
sists largely of vegetable matter. Not less 
than 80 percent of it is water. The “dry 
matter” makes up, on the average, from 
20 to 25 percent of the bulk, and not 
less than four-fifths of it is carbon and 
oxygen (25). The “essential elements”— 
largely calcium and potassium—make up 
about 2 percent of the “green” mass, or 
from 6 to about 15 percent of the dry 
matter. Thus, living matter on land 
holds, at any time, some 3 to 4x 101° 
metric tons of essential elements with- 
drawn from the soil. 

The average life of living matter can- 
not be accurately estimated. Some or- 
ganisms, such as Sequoia sempervirens or 
Sequoia gigantea, live more than a thou- 
sand years, but many others live less than 
a day. To judge by the rate of photo- 
synthesis, the turnover of living matter 
on land amounts to about 4.0 x 1012 
metric tons per year (on the assumption 
that about 15 percent of the CO, fixed 
by photosynthesis is returned to the air 
11). This amount of old 
residue must be mineralized and replaced 
by fresh residue, so the same amount of 
living matter must die off, to be replaced 
by the newly formed proteins, carbohy- 
drates, and so on. This replacement re- 
quires a passing through the living mat- 
ter of about 10 billion metric tons of 
essential elements each year. On the 
average, for the entire land area, it rep- 
resents the movement of about 6.6 milli- 
grams of free ions per square centimeter 
per year. 


by respiration 


Movements of essential elements, how- 
ever, represent only a small part of the 
exchange between the soil and living 
matter. The figures given above do not 
include mobile carbon and oxygen, the 
combined mass of which is many times 
greater than the mass of all essential ele- 
ments combined. Furthermore, living 
matter keeps in motion an enormous 
amount of water. In order to build 1 
ton of dry matter, plants transpire more 
than 200 tons of water. Photosynthesis 
on land amounts to a production of 
about 4.0 x 1011 metric tons of vegetable 
material, and about one-fourth of it is 
dry matter. Production of this material 
requires transpiration by plants of at 
least 2 x 101° metric tons of water, rep- 
resenting from 17 to 20 percent of the 
annual rainfall on land. These figures 
are not precise, indeed. Their purpose is 
merely to give some idea about the order 
of magnitude of the movements of mat- 
ter between soil and living matter. 

The mechanism of the transfer of free 
ions from the soil to living matter is not 
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yet fully understood. In a much simpli- 
fied way it might be described as fol- 
lows: The soil is filled with a network 
of thin rootlets, the absorptive region of 
which is covered by the root hair or 
tubular outgrowths of the external wall 
of epidermal cells (26). Each root hair 
(not to be confused with hair root) is a 
sort of sac made of the membrane, per- 
meable to free ions but impermeable to 
colloids, Inside the sac are protoplasm 
and sap, whereas outside it is the soil 
solution containing ions of elements set 
free by weathering. In accordance with 
osmotic pressure, Donnan equilibrium, 
and various other factors, free ions mi- 
grate across the septum inside the root, 
to be absorbed by colloid and carried 
by the sap into the aerial parts of the 
plant. Thus, the equilibrium between 
concentrations of free ions inside and 
outside the root hairs is continuously dis- 
turbed as long as the plant grows and 
migration of free ions from the soil into 
living matter continues. 

Mineralization of the organic residue 
returns all material abstracted from the 
soil and closes the so-called short or 
“biological” pedogenic cycles. The term 
cycle does not indicate that the same ions 
shuttle back and forth between soil and 
living matter. It means merely that cer- 
tain quantities of ions are always on the 
move along this route. Individual ions 
continuously escape from the stream, but 
the vacancies are filled just as steadily 
by other ions of the same elements cap- 
tured by the current. 

The driving force of this never-ending 
migration is living matter. In this way 
living matter counteracts weathering. It 
has been pointed out elsewhere that the 
general trend of weathering is toward 
ionic dispersion of solid matter. Chem- 
ical denudation of the horizon of weath- 
ering tends to leach out from this ho- 
rizon everything that might be carried 
away either in solution or in suspension. 
Living matter intercepts some of the 
mobile ions, incorporates them into or- 
ganic tissues, and thus protects against 
leaching or dissemination in space. 

The role of living matter in the geo- 
chemical process on the surface of the 
earth’s crust is not restricted to the short 
pedogenic cycles. Large quantities of free 
ions are steadily removed from the ho- 
rizon of weathering by chemical denuda- 
tion. Clarke has estimated that all rivers 
carry into the ocean about 2735 million 
metric tons of dissolved matter per year, 
especially ions of CO,, SO,, and Ca (1). 
The area that is drained into the sea 
makes up about three-fourths of the 
whole land area. The remaining one- 





fourth of the land is drained into closed 
basins. Assuming that the rate of leach- 
ing of this part of the land is similar to 
that of the land drained into the sea, 
we may estimate that percolating water 
removes from the land at least 3% bil- 
lion metric tons of dissolved matter an- 
nually. This amount alone would indi- 
cate an average rate of leaching (for the 
entire land area) high enough to remove 
from 2 to 2.3 milligrams of soluble com- 
pounds per square centimeter per vear. 
Not all dissolved material, however, 
reaches the sea. A certain part of it sinks 
into the zone of anamorphism and pre- 
cipitates there, so the actual rate of 
leaching of the horizon of weathering 
might be somewhat higher than the fig- 
ure given above. 

The migration of free ions from the 
horizon of weathering into the ocean, 
into closed basins, or into the deeper 
layers of the earth’s crust is a part of 
the long geochemical cycles. Information 
about these cycles is much more frag- 
mentary and sketchy than that about the 
short cycles. It might be mentioned in 
passing that living matter, the greater 
part of which is in the ocean, has a 
hardly less active role in the long cycles 
than it has in the short cycles. This ac- 
tivity and its results, however, are out- 
side the scope of soil science, which is 
concerned with only one link in the long 
cycles—that is, removal of free ions from 
the horizon of weathering. 

Although the actual average rate of 
leaching of the horizon of weathering 
cannot be estimated with any degree of 
reliability at the present time, it seems 
fairly certain that, in short pedogenic 
cycles, living matter on the land keeps 
a quantity of mobile compounds greater 
than the amounts of annual loss due 
to leaching of these compounds. This 
is an essential feature of soil formation. 
Usually it is referred to as the accumu- 
lation of essential elements in the soil 
or the development of an essential (from 
the agronomical viewpoint) property of 
the soil, its productivity. 

Here again the terms accumulation 
and development are misleading. A pro- 
gressive development or accumulation 
could take place before a steady state 
is reached. After this, there might be 
some changes in this state of the system 
due to adequate changes in the environ- 
ments, but there would be no further 
“accumulation.” 

The concentrations of the mobile com- 
pounds in any part of the spatial soil 
system are determined chiefly by the re- 
quirement of the local plant community 
or—to put it in a more general way— 
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by the local biological pressure. Every- 
thing in excess of this requirement is 
likely to be leached. It might or might 
not be removed from the soil right away, 
depending upon the available means of 
transportation. In arid climates, for ex- 
ample, the rate of leaching might be too 
low to cope with the liberation of free 
ions by weathering; hence, some enrich- 
ment of the zone of weathering in these 
ions would result independently of, and 
sometimes even to the detriment of, local 
life. Such an enrichment does not go un- 
checked indefinitely. Again, its rate de- 
creases exponentially until the steady 
state has been established. 

Relationships between soil and living 
matter are mutual. Living matter main- 
tains a fairly constant concentration of 
certain elements, the free ions of which 
would be leached out if there were no 
life. On the other hand, the biological 
pressure at any particular place is deter- 
mined by certain local factors, among 
which the rate of release of essential ele- 
ments in available form is one of the 
most important. 

Close interdependence between the 
soil and living matter has led to the 
theoretical assumption that soil forma- 
tion begins with the introduction of life 
into the process of weathering and, thus, 
to differentiation between abiotic weath- 
ering and soil formation proper. This 
differentiation is rather academic. The 
very idea of abiotic weathering is quite 
vague and perhaps rather groundless, in- 
asmuch as the origin of life on earth is 
still a mystery (27). 

All essential determinants of soil for- 
mation vary from place to place, and no- 
where is any one of them quite uniform 
over a very large area. Thus, the soil 
might be in the steady state at various 
particular points, yet this state would not 
be the same under different local condi- 
tions. Soil taxonomists use these local 
differences in the general character of 
the soil as criteria for differentiation 
between individual soil species, although 
the very concept of soil species is vague. 
Perhaps this concept is just another ex- 
ample of the influence of the biological 
sciences. 

Local differences indicate that soil 
formation involves not merely a differ- 
entiation of genetic horizons, giving to 
the soil a certain morphological profile, 
but also differentiation in a horizontal 
plane, which makes the soil a patterned 
spacial system. Dissection of this system 
on the basis of ill-defined and wholly 
abstract soil species might serve some 
practical purposes but has no scientific 
basis or justification. 
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A soil pit. Investigation of soil anatomy 
requires transection of the soil; this should 
be regarded as a sort of surgical operation. 
One carefully and properly made transec- 
tion provides more information about the 
make-up of the soil system than scores of 
amateurish holes hastily made in routine 
soil survey. The sorry state of genetic soil 
classification is due especially to the lack 
of precise information about the object of 
classification. 


Soil science is passing through a diffi- 
cult stage in its development. After a 
promising start at the end of the last 
century and the beginning of the present 
one, it has been plagued by formalism 
and has lost much of the original im- 
petus. The aftermath of the two world 
wars and widespread social upheavals 
put severe stresses on world agriculture, 
and soil science, which is still oriented 
toward agronomy, was called on to con- 
centrate on purely practical problems 
dealing with the betterment of crops. Re- 
search in basic science was forced to sur- 
render priority to sheer technology and 
soon found itself in the strait jacket of 
bureaucratic supervision, and its meth- 
ods of scientific inquiry were largely 
replaced by sadly unimaginative em- 
piricism. 
last few 
decades generated an almost explosive 
surge of other sciences, notably physics 
and chemistry, which almost overnight 
outgrew their classical realms and began 
to deal with the cosmos. 

For the time being, agronomy is left 
far behind, but, indeed, it cannot stay 
behind too long. The growing popula- 
tion demands more of the essentials of 
life, and the time is rapidly approaching 
when our classical agriculture will be un- 
able to cope with the demand. 


The same stresses of the 


The prime object of agriculture is to 
capture solar energy in forms specifically 
adapted for human consumption—that 
is, to yield a crop of certain plants, such 
as cereals, fiber plants, and forage 
grasses. The amount of energy from the 
sun’s rays which might be captured by 
plants is determined by the solar con- 
stant. By far the greater part of this 
energy is consumed in maintenance of an 
environment in which photosynthesis is 
possible—that is, in evaporating a suffi- 
cient amount of water, heating the at- 
mosphere, and keeping weathering on 
the steady run. Only a precious small 
part of this energy is available for pho- 
tosynthesis itself, and this part deter- 
mines the amount of living matter 
which corresponds to the saturation 
of the biosphere by life. Hence, it is 
not likely that a significant increase im 
captured energy might be achieved by- 
raising the rate of photosynthesis. It is: 
more likely that future agriculture willl 
have to replace a much greater part of 
the wild vegetation and low-yielding 
plants by plants capable of yielding more 
proteins, starches, fibers, and so on per 
unit weight of vegetable material. This 
means rather drastic meddling with the 
driving force of the short geochemical 
or pedogenic cycles and might lead to 
disastrous results if it is undertaken with- 
out a thorough understanding of the 
process. 

The soil has been defined rather fig- 
uratively as a sort of turnstile through 
which passes an endless stream of free 
ions of various elements, making up the 
short and long geochemical cycles. In its 
infancy soil science could do little more 
than stand at the turnstile and observe 
the morphological effect of the process. 
Now we can count passing ions and ana- 
lyze the process quantitatively. In the 
future we hope to be able not merely to 
analyze the process but to control it and 
direct the currents of matter and energy 
into predetermined channels. An entirely 
new, man-made mechanism for captur- 
ing the energy of the sun’s rays will be 
the contribution of soil science to the age 
of the mastery of atomic energy and the 
conquering of outer space. 


Conclusion 


Current research in basic soil science 
is somewhat handicapped by the lack of 
differentiation between the 
problems and aims of the pure and ap- 
plied branches of this discipline. Applied 
soil science deals largely, if not exclu- 
sively, with the soil-and-plant relation- 


clear-cut 
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ships in their agronomic aspect. Pressing 
practical problems and the ever-present 
natural urge for higher standards of agri- 
culture allow the applied branch to 
dominate the whole realm of soil sci- 
ence. The methods of applied science, 
however, usually are rather crude and 
entirely inadequate for a basic research. 
Therefore, one of the first problems to 
be solved is that of freeing basic science 
from the burden of practical tasks. This 
is not to say that these tasks are unim- 
portant or could be laid aside, but merely 
to point out that the basic facts, which 
after all are essential for the quickest 
and most rational solution of these tasks, 
might be discovered sooner if research 
were freed from utilitarian orientation. 

Our second problem is to develop an 
adequate technique. A mere scratching 
of old cliffs and road cuts for study of 
soil anatomy or a collecting of samples 
for chemical analysis served the purpose 
in the pioneering stage of soil science. It 
still satisfies the requirement of a routine 
soil survey, but it is no longer adequate 
in scientific investigation. Chemical and 
physical analyses of soil are adequate 
insofar as procedure is concerned, but 
methods for interpretation of the results 
and especially for coordination of vari- 
ous analyses and selection of proper ma- 
terial for laboratory study are in urgent 
need of radical improvement. 

Careful study of soil morphology is an 
essential prerequisite for the identifica- 
tion of the soil and the collection of 
samples for analysis. Morphology as such, 
however, is just an empty shell if its 
origins are unknown. Hence, the need 
for a shift of attention in soil study from 
a descriptive morphology to study of the 
genesis and dynamics of soils is clearly 
indicated. Such an orientation of soil 
science was foreseen by the pioneers 
(Dokuchaev, Shaler, and others) but 
later on was overshadowed by practical 
considerations. 








Soil genesis and the pedogenic process 
still are defined differently by the dif- 
ferent schools of soil science. In some 
schools, the concepts of soils and their 
functions are still influenced by the theo- 
retical assumptions that soils are some- 
what akin to the living bodies and that 
soil science belongs to the realm of biol- 
ogy rather than to the family of earth 
sciences. A critical review of these con- 
cepts in the light of geochemistry and 
geophysics is the order of the day. 
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John Broadus Watson, 


John Broadus Watson, self-styled “the 
behaviorist,” died on 25 September 1958 
at the age of 80. His scientific life had 
come to a close a third of a century 
earlier, and he was unknown personally 
to a whole generation of younger men 
whose field of scientific activity he had 
defined and vigorously developed. His 
place in the history of science, and some- 
thing of his stature, are indicated by 
three names—Darwin, Lloyd Morgan, 
and Watson—which represent three criti- 
cal changes in our conception of be- 
havior. 

In establishing the continuity of spe- 
cies Darwin had attributed mental proc- 
esses to lower organisms. He was sup- 
ported by a host of anecdotal naturalists 
who recounted instances of reasoning, 
sympathy, and even artistic enjoyment 
on the parts of dogs, cats, elephants, and 
so on, The inevitable reaction was epi- 
tomized in the writings of Lloyd Morgan, 
who argued that such evidences of men- 
tal processes could be explained in other 
ways. A third step was inevitable, and it 
was Watson who took it: If there were 
other explanations of mental processes 
in lower organisms, why not also in man? 

In dispensing with mentalistic ex- 
planations of behavior, Watson cleared 
the way for a scientific analysis. In doing 
so he acknowledged his debt both to 
Lloyd Morgan and to Thorndike, who, 
though he remained a mentalist, sup- 
plied a classical alternative explanation 
of “reasoning” in his experiments on 
trial-and-error learning. The epistemo- 
logical issue was also in the air. Watson 
never took to philosophy (though, as he 
later said, his “milk teeth were cut on 
metaphysics”), but it was George Her- 
bert Mead’s great personal interest in 
Watson’s animal experiments which sup- 
plied an immediate and crucial contact 
with relevant philosophical issues. A be- 
havioristic interpretation of mental proc- 
esses was later adopted by operationists 
and logical positivists, but the issue was 
to remain primarily empirical rather 
than logical. 

Born in Greenville, South Carolina, 
Watson was to remember himself as a 
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Behaviorist 


below-average and troublesome school- 
boy with little to show for his early edu- 
cation except a love for manual skills. 
(He later built a ten-room house with 
his own hands.) His five years at Fur- 
man University, where he received an 
A.M. instead of an A.B., were aso re- 
membered as a bitter disappointment. 
But his educational luck suddenly im- 
proved when an interest in philosophy 
took him to the University of Chicago. 
Few men have made as many fortunate 
contacts during their graduate careers: 
with John Dewey (though Watson later 
complained “I never knew what he was 
talking about and, unfortunately, still 
don’t”); with Angell (who taught him 
to write); with Jacques Loeb (whom 
Angell thought “unsafe” as Watson’s 
thesis advisor); and, particularly, with 
Mead. Under the Chicago influence his 
interests turned to biology, and he always 
regretted that, in addition to his Ph.D., 
he was not able to finish work for the 
M.D. degree at Chicago. At the age of 
29 he went to Johns Hopkins University 
as professor of psychology, where he 
came into even closer contact with biolo- 
gists and medical men, particularly Jen- 
nings and Adolph Meyer. Among psy- 
chologists he worked with Knight Dun- 
lap and Robert Yerkes (who were later 
to formulate their own variety of “psy- 





John Broadus Watson 


chobiology”) and with Curt Richter and 
Lashley, the latter fresh from Jennings’ 
laboratory. 

From all this exceptional stimulation, 
Watson emerged with a burning recogni- 
tion of the need for a science of behavior. 
In 1912, when he first outlined his “be- 
haviorism,” there was no scientific disci- 
pline devoting itself to this important 
aspect of nature. Sociologists and econo- 
mists frequently considered the behavior 
of men, but seldom of man as an indi- 
vidual. Psychology, in spite of the early 
American movement of functionalism, 
was dominated by an introspective “sci- 
ence of mind” which Watson viewed 
with an impatience which was never to 
be satisfied. In his most important book, 
Psychology from the Standpoint of a 
Behaviorist, published in 1919, Watson 
defined the field he wanted to see studied 
and assembled available techniques and 
facts. A second edition in 1924 contained 
a clearer and bolder programmatic state- 
ment. The emphasis was necessarily on 
the program, for not more than one-third 
of even the 1924 edition contained facts 
strictly relevant to the science of be- 
havior the author was proposing. Ana- 
tomical and physiological material were 
used to complete the book. Watson’s own 
contributions were not great, and he was 
to have no opportunity to extend them. 
His studies on maze behavior and his 
concept of “habit” made an uneasy mar- 
riage with Pavlov’s principle of condi- 
tioning, then just beginning to attract at- 
tention in this country. His frequency 
theory of learning was short-lived. 

In spite of its shortcomings the book 
had a tremendous effect. The new move- 
ment immediately attracted attention 
and adherents. Dissenters fell into line 
on the other side. In the controversy 
which followed, Watson’s taste for, and 
skill in, polemics led him into extreme 
positions from which he never escaped. 
He could not content himself with prose- 
cuting an empirical study of behavior 
simply as such, for he believed that psy- 
chology was the science destined to deal 
with that subject matter, and he wanted 
to reform it accordingly. He had an- 
other reason for crusading against the 
strongly entrenched _ introspectionists, 
since they claimed to offer direct evi- 
dence of the mental processes he wanted 
to discard. Watson seized upon laryngeal 
and other covert verbal activities as the 
“thought processes” of the introspective 
psychologists and refused to acknowledge 
sensory aspects of behavior which could 
also be observed by the behaver himself. 
It has been suggested that he might not 
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himself have had visual or auditory imag- 
ery. In any case his sweeping denial of 
‘the existence of self-observed sensory 
‘events (the acknowledgment of which 
would not, as we now know, have implied 
the dualism he was so anxious to avoid) 
occupied him in what he later described 
as “a continual storm.” 

The same taste for polemics led him 
into an extreme environmentalistic posi- 
tion. In Psychology from the Standpoint 
of a Behaviorist he had devoted two 
chapters to hereditary behavior. Like all 
those who want to do something about 
behavior, he had emphasized the possi- 
bility of environmental modification, and 
this was widely misunderstood. Under 
the stress of battle he was led at last to 
the well-known cry: “Give me a dozen 
healthy infants, well-formed, and my 
own specified world to bring them up in 
and I'll guarantee to take any one at 
random and train him to become any 
type of specialist I might select—doctor, 
lawyer, artist, merchant-chief, and yes, 


even beggar-man and thief, regardless of 
his talents, penchants, tendencies, abili- 
ties, vocations, and race of his ancestors. 
I am going beyond my facts and I admit 
it, but so have the advocates of the con- 
trary and they have been doing it for 
many thousands of years.” 

Watson also went beyond his facts, and 
in the same crusading spirit, in his views 
on child training. Experiments on the be- 
havior of infants had shown him that 
emotional patterns could often be traced 
to conditioned emotional reflexes (a 
term he took from Pavlov via Lashley). 
He thought he saw. the seeds of many 
behavior problems in early home experi- 
ences, and in his Psychological Care of 
the Infant and Child—a book he later 
publicly regretted—he cautioned parents 
against the unconsidered display of af- 
fection. (Current “mother love” theories 
are the other swing of that pendulum.) 

And so it came about that Watson was 
to be remembered for a long time, by 
both laymen and psychologists alike, for 
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Frontal Cloud System 
Pictures Obtained by Rocket 


Clear pictures from the first rocket- 
camera unit designed specifically to pho- 
tograph weather frontal systems and 
their associated cloud formations, from 
extreme high altitudes over ocean areas 
where there are no permanent weather 
stations, have been obtained from a suc- 
cessful firing and recovery of a Project 
Hugo rocket. 

This is the first time that man has 
been able to look down from so high a 
vantage point on physical manifestations 
of the Norwegian weather front theory 
by which meteorologists have been fore- 
casting the weather for the past 40 years. 
The frontal cloud pictures are the best 
obtained to date from a rocket. 

The film, recovered at sea from the 
nose cone of the Nike-Cajun rocket, 
which reached an altitude of 86.25 miles 
on 5 December 1958, shows the frontal 
cloud formations over an Atlantic Ocean 
area, starting about 200 miles off the Vir- 
ginia coast and stretching about 700 
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miles further eastward. The mosaic strip, 
covering approximately 1000 miles in 
length, compares roughly with the ex- 
panse between the southern tip of Maine 
and mid-Florida. The launching from 
the National Aeronautics and Space 
Agency’s Pilotless Aircraft Research Sta- 
tion at Wallops Island, Va., was ac- 
complished from a land-based installa- 
tion of a shipboard-type Terrier missile 
launcher, and was effected without any 
delays or difficulty. Signals emitted by 
the nose cone’s miniature transmitter 
were easily tracked by one surface ship 
and one aircraft, each carrying portable 
radio tracking equipment. Following the 
flight, the instrumentation package was 
successfully located and recovered from 
the sea by the destroyer USS LEARY, 
despite 8- to 10-foot swells and 25- to 
40-knot winds. 


Project Hugo 


Project Hugo (highly unusual geophys- 
ical operations) , conducted by the Office 
of Naval Research with funding assist- 
ance from the Bureau of Aeronautics 


a too narrow interpretation of self-obser- 
vation, for an extreme environmentalism, 
and for a coldly detached theory of child 
care, no one of which was a necessary 
part of his original program. His bril- 
liant glimpse of the need for, and the 
nature and implications of, a science of 
behavior was all but forgotten. Perhaps 
history is ready to return a more accu- 
rate appraisal. A year before his death 
he had the satisfaction of dedicating a 
paperback edition of his popular book 
Behaviorism to the American Psychologi- 
cal Association, which on 7 September 
1957 cited him as follows: “To Dr. John 
B. Watson, whose work has been one of 
the vital determinants of the form and 
substance of modern psychology. He in- 
itiated a revolution in psychological 
thought, and his writings have been the 
point of departure for continuing lines of 
fruitful research.” 

B. F. SKINNER 
Psychological Laboratories, Harvard 
University, Cambridge, Massachusetts 


and the U.S. Weather Bureau, is de- 
signed to further research into meteoro- 
logical phenomena in an effort to im- 
prove the accuracy of weather predic- 
tions. It will also be of assistance to the 
U.S. Weather Bureau’s Hurricane 
Weather Research Project in the field of 
hurricane photography. 


Instrumentation 


The Hugo-Nike-Cajun rocket consisted 
of a recoverable instrument head attached 
to a standard Nike-Cajun vehicle. Gross 
takeoff weight of the assembled rocket 
was 1552 pounds. Second stage gross 
weight was 270 pounds. The instrument 
head contained two 16-millimeter movie 
cameras, a radar tracking beacon, a 
Mytymouse homing transmitter, a pri- 
mary programming device, a secondary 
programming device, a nose ogive jetti- 
son circuit, a drag parachute, a split- 
ring separation system, four blocks of 
slowly dissolving sea dye marker, and 
appropriate power supplies. 

Design and construction of the Project 
Hugo rocket-camera assembly was done 
by the New Mexico State University at 
Las Cruces, under contract with the 
Office of Naval Research. The cameras 
themselves were specially designed and 
prepared by the Naval Research Labo- 
ratory. 


Performance 
In the 5 December shot the instru- 
ment head was not stabilized. The effect 
of this as it appeared in a showing of the 
film was a rather rapid turning of the 
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Three aspects of Project Hugo: (Top) Composite of five photographs shows a frontal cloud formation over the Atlantic Ocean starting 
about 200 miles offshore and extending about 700 miles further seaward. The mosaic strip covers approximately 1000 miles from Maine 
to Florida. (Bottom left) Map shows firing point () of camera-rocket and some of the area photographed from an altitude of 86 
miles. (Bottom right) Nike-Cajun missile on Terrier launcher being checked by technician at National Aeronautics and Space Adminis- 
tration’s Wallops Island, Va., station. The instrument canister, containing two cameras, is behind the nose cone. 


point of view of the cameras. Of the total 
running time of the cameras, 220 sec- 
onds, only about a third resulted in pic- 
tures of the oncoming front. The sun, 
the falling Cajun carrier, and sections of 
the Outer Banks of North Carolina were 
photographed during the largest propor- 
tion of the running time. While these 
sections of the film were of value in cal- 
culating the exact position the rocket 
had had, they do represent a waste of 
a considerable amount of time. In fu- 
ture shots, the second camera, by the use 
of a prism, will photograph at a 45 de- 
gree angle to the other. This placement, 
given the limitation of two cameras, will 
maximize the footage depicting a weather 
system. 


Background 


The Wallops Island shot was just one 
part of a long-term program in the study 
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of clouds and other weather phenomena 
that could be said to have started about 
15 years ago. Various projects, not fer- 
mally connected, but dealing with the 
same general problem of weather and 
prediction have been taken up since the 
first studies of raindrop formation by 
Langmuir. Project Cirrus showed that 
holes could be cut in cirrus clouds by 
dry ice seeding. Project Scud further ex- 
amined the possibilities of rain making 
by this and other methods. The current 
project relates to these studies in that it 
offers a means of gaining a synoptic view 
of a major weather system as it ap- 
proaches a populated area. This wide 
view of a system, together with the re- 
ports from surface stations and air-borne 
stations, offer the weather predicters very 
valuable information which could serve 
as the basis for highly accurate forecasts. 

Efforts to improve forecasting, particu- 


larly of hurricanes, were intensified after 
the destructive hurricanes of 1954, when 
insured damage amounted to $276 mil- 
lion. 


Future Plans 


Although future testing of the rocket- 
camera device will depend on funds 
available, the naval officer who was in 
charge of the test, Willard Huston, an- 
ticipated the firing of 8 to 10 similar 
shots during 1959. Because the canister 
containing the cameras can be recovered 
and used again in other shots, the cost of 
the individual shot is that of the Nike- 
Cajun missile alone, or about $7000. 

By virtue of its simplicity and rug- 
gedness, the canister and its vehicle could 
be kept on hand for an indefinite period 
at isolated weather stations for use when 
reports of a threatening storm were re- 
ceived. Personnel with a minimum of 
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training could fire the missile, recover 
the cameras, process the films in a few 
hours, and then report the results to a 
mainland weather data-processing center 
where they could be integrated with re- 
ports from surface stations. 





Nuclear Test Control 


On 5 January, the day that the East— 
West conference on nuclear tests re- 
sumed in Geneva, the United States an- 
nounced that new data indicate that it is 
more difficult to identify underground ex- 
plosions than had previously been be- 
lieved. Immediately the New York 
Times published an article headed 
“Hopes Lessened for Atomic Curb.” On 
25 December the Times headline on the 
same subject had read “Test Ban Ac- 
cord is Seen by Spring.” 

The text of the U.S. statement follows. 
It was prepared by the President’s Sci- 
ence Advisory Committee with the con- 
currence of the Department of State, 
the Department of Defense, and the 
Atomic Energy Commission. The names 
of the seismologists responsible for the 
study that was the basis for this statement 
were not announced at the time the state- 
ment was released by the White House. 
No details were given. 

“Since the Geneva conference of ex- 
perts last summer, United States seis- 
mologists on behalf of the Government 
have continued to study all available data 
on the problem of detecting and identify- 
ing underground explosions, including 
new data obtained from the underground 
tests conducted in Nevada this past Oc- 
tober. These studies and new data indi- 
cate that it is more difficult to identify 
underground explosions than had _ pre- 
viously been believed. 

“The Geneva conference of experts 
last summer concluded that, although it 
is not possible to identify an under- 
ground explosion by seismic means alone, 
it is possible to identify a large fraction 
of seismic events as natural earthquakes 
when the direction of first motion of the 
seismic signal is observed at several, ap- 
propriately located stations. This pro- 
cedure reduces the number of seismic 
events which would be unidentified and 
could, therefore, be suspected of being 
underground tests. 

“Analysis of all available seismic data 
on underground tests, including the data 
new since last summer, has shown that 
this method of distinguishing earth- 
quakes from explosions is less effective 
than had been estimated by the Geneva 
conference of experts. These analyses 
and new data also indicate that the 
seismic signals produced by explosions 
are smaller than had been anticipated 
and that there are consequently about 
twice as many natural earthquakes equiv- 
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alent to an underground explosion of a 
given field as had been estimated by the 
Geneva conference of experts. 

“These two factors mean that there 
will be a substantial increase in the num- 
ber of earthquakes that cannot be distin- 
guished from underground nuclear ex- 
plosions by seismic means alone. For ex- 
ample, the total number of unidentified 
seismic events with energy equivalents 
larger than five kilotons may be increased 
ten times or more over the number pre- 
viously estimated for the system recom- 
mended by the Geneva conference of ex- 
perts. 

“The effect of this new analysis and 
data on the capabilities of the system 
recommended by the Geneva conference 
of experts, as well as modifications of 
that system which could restore its origi- 
nally estimated capability against under- 
ground tests, are at present under study 
by United States scientists. 

“The Department of State advises us 
that the results of this continuing analysis 
have been communicated to the United 
Kingdom and the Union of Soviet So- 
cialist Republics delegations at the pres- 
ent Geneva conference on the discon- 
tinuance of nuclear weapon tests, and 
that the United States delegations will 
be prepared to discuss this information 
with experts of the other delegations. 
This will assure that all the parties at the 
present Geneva conference have avail- 
able the best scientific information and 
analysis in their consideration of the 
problem of detecting and identifying un- 
derground tests.” 


Soviet Solar Rocket 


The rocket that the U.S.S.R. launched 
toward the moon on 2 January passed 
the moon on 4 January and went.into 
orbit in an elliptical course around the 
sun on 7 January, according to reports 
from scientists in the Soviet Union. The 
Soviet news agency Tass reported that 
in its first 5 days of flight the rocket, 
which was moving 621,000 miles ahead 
of the earth, had traveled approximately 
9 million miles from the point in space 
occupied by the earth at the time the 
rocket was fired. The earth, speeding 
along in orbit at 18.6 miles per second, 
traveled about 8,370,000 miles in the 
same period. 

On 14 January the rocket reached its 
nearest point to the sun, about 91 mil- 
lion miles, and achieved its maximum 
speed of approximately 20 miles a sec- 
ond. At the most distant point in its re- 
cession from the sun, the vehicle’s speed 
is expected to drop to some 17.34 miles 
a second. Soviet scientists predict that 
once every 5 years the rocket may come 
close enough to the earth to be visible 
with powerful telescopes. 


The new planet is the last stage of a 
multistage space rocket. The stage 
weighed approximately 1/2 tons without 
fuel. The combined weight of the instru- 
ments, together with the power sources 
and the container, amounted to 794 
pounds. In addition to two radio trans- 
mitters, which went dead on 4 January 
when the rocket was 373,125 miles from 
the earth, the vehicle carried special 
equipment designed to produce a sodium 
cloud—an artificial comet. This comet 
was formed on 3 January and was visible 
for several minutes in the constellation 
Virgo. It was possible to photograph the 
comet with optical instruments equipped 
with light filters isolating the sodium 
line of the spectrum. 


Population Genetics at Purdue 


Purdue University has announced the 
establishment of the Population Genet- 
ics Institute to coordinate an expanding 
research program in population genetics. 
The major objective of the institute will 
be to investigate the effects of various 
mating systems under varying environ- 
mental conditions. In addition to theo- 
retical studies, problems will be investi- 
gated experimentally with laboratory 
organisms such as Drosophila, Tribolium, 
and mice. Heretofore, population ge- 
netics work has been carried out in the 
departments of dairy and poultry science, 
the Purdue statistical and computing 
laboratory, the North Central States 
regional poultry breeding laboratory and 
the pioneering research laboratory for 
animal genetics, the Animal Husbandry 
Research Division, Agricultural Research 
Service, U.S. Department of Agriculture. 

Facilities for the institute in Purdue’s 
new Life Science Building will include 
offices, fully-equipped laboratories, and 
three specially designed controlled-cli- 
mate chambers. The facilities of the sta- 
tistical and computing laboratory, includ- 
ing a digital computer, will be used for 
expanding the theoretical or mathemati- 
cal approach to problems of population 
genetics. 

A. E. Bell, professor of poultry science, 
has been appointed chairman of the in- 
stitute. Others from the Purdue staff 
named to the institute include V. L, 
Anderson, B. B. Bohren, S. C. King, W. 
H. Kyle, J. H. Martin, T. G. Martin, 
and H. E. McKean. 


Report on Medical Education 


American medical colleges had a rec- 
ord enrollment of 29,473 students in 
1957-58. Sixty of the 85 operating medi- 
cal schools reported major construction, 
costing $47 million, in the planning, be- 
ginning, or completion stages. Forty-nine 
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schools reported major developments 
and changes in administrative organiza- 
tion, methods of student selection, cur- 
riculum, and financing. An estimated 
$275 million was spent by the medical 
schools in 1957-58, an increase of 13 per- 
cent over the preceding year. 

A total of 6861 physicians was gradu- 
ated from the 78 approved 4-year schools 
in 1958, as compared with 6796 in 1957. 
(There are four 2-year schools of basic 
medical sciences and three newly devel- 
oping schools that have provisional AMA 
approval.) A new record was established 
in 1957-58 for the number of entering 
freshmen—8030. The preceding year the 
number was 8014 and 10 years ago the 
number was 6487. Further, 1644 women 
were enrolled in medical school, and 355 
were graduated in 1958. 

These were among the many facts and 
figures in the 58th annual report on med- 
ical education by the American Medical 
Association’s Council on Medical Educa- 
tion and Hospitals. The 90-page report 
appeared in a recent issue of the 
Journal of the American Medical Asso- 
ciation. 


News Briefs 


On 9 February 1949, the U.S. Air 
Force School of Aviation Medicine will 
commemorate the 10th anniversary of 
the founding of the department (now 
division) of space medicine. On 9 Feb- 
ruary 1949, Major General Harry G. 
Armstrong, U.S. Air Force (MC), for- 
mer commandant of the School of Avia- 
tion Medicine and a pioneer in aeromed- 
ical research, established the department, 
probably the first of its kind in the world. 
Armstrong and the four original mem- 
bers of the department will be present 
for the anniversary gathering, which will 
include discussions on space medicine 
and predictions for the next decade. 

* * # 

Harvard University has announced 
that five professors will make a 2-week 
visit to Russia early in February as part 
of the Soviet-American exchange agree- 
ment. They will visit Leningrad Univer- 
sity, which will in turn send five profes- 
sors to Harvard for 2 weeks in late Feb- 
ruary or early March. The Harvard 
group includes one scientist, E. Bright 
Wilson, Jr., Theodore William Richards 
professor of chemistry. 

* * % 

The American Institute of Physics has 
initiated a new service this month by 
publishing a booklet that lists assistant- 
ships and fellowships open to graduate 
students in physics in 1959-60. Physics 
department chairmen in institutions of- 
fering graduate work in physics report 
in the booklet the number of graduate 
assistantships and fellowships available 
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in their departments, the stipends, the 
tuition payable if not included in the 
stipend, and the number of hours of serv- 
ice required per week. The booklet may 
be obtained from the AIP Placement 
Service, 335 E. 45 St., New York 17, 
N.Y. 
* 2+ # 

On 16 January the Engineers Joint 
Council cited the Westinghouse Educa- 
tional Foundation and the Carnegie In- 
stitute of Technology for pioneering in 
encouraging young men and women to 
seek careers in engineering and science. 
This year observes the completion of 20 
years of George Westinghouse Scholar- 
ships at Carnegie Institute. Each year 
since 1938, ten 4-year scholarships have 
been awarded to secondary school seniors 
selected from over 1000 applicants per 
year. The program is one of the earliest 
in industry-education cooperation. 

* + 

The Proceedings of the Royal Institu- 
tion 21, Albemarle St., London, W.1., 
will be published three times a year in 
future instead of annually. The Pro- 
ceedings contain accounts of the well- 
known Friday Evening Discourses, and 
one advantage of the new procedure will 
be that the Discourses will appear in 
print soon after their delivery, The Eve- 
ning Discourses at the Royal Institution 
were started by Michael Faraday in 1826, 
and for more than 130 years they have 
maintained the highest standards of 
popular exposition. The Proceedings 
therefore contain authoritative accounts 
of research and learning, written for 
the nonspecialist and covering many 
branches of science and other subjects. 

SS } 

The Atomic Energy Commission has 
announced the initial operation of the 
Special Power Excursion Reactor Test 
No. 3 (SPERT-III), a versatile research 
facility developed for studying nuclear 
reactor safety. Criticality was achieved 
on 19 December in the new plant, which 
is situated at the National Reactor Test- 
ing Station in Idaho. 

* * * 

Amherst College has decided to experi- 
ment with a plan to give a year’s “leave 
of absence” to students whose academic 
performance is not commensurate with 
their ability. A student judged capable of 
doing A or B work but getting C’s could 
be asked to take a year off to make up 
his mind about the value of college. He 
would be allowed to return in good 
standing. No change is being made in 
the passing marks required to stay in 
school. The plan is expected to result in 
perhaps a dozen leaves of absence a year. 

* 2 

A Committee on Education has been 
established by the Society of American 
Bacteriologists under the chairmanship 
of L. S.:McClung, department of bac- 


teriology, Indiana University. Included 
in the duties of the committee will be a 
revision of the society’s brochure A Ca- 
reer in Bacteriology, investigation of the 
training in microbiology of teachers of 
elementary biology, preparation of ex- 
periments in microbiology suitable for 
use in introductory biology classes, and 
the listing of films in microbiology and 
of other teaching aids. 
+ &£ & 

The American Institute of Medical 
Climatology was organized in Philadel- 
phia in late November. The institute is 
planning a program of research and edu- 
cation in all phases of the relationship 
between weather and human life. Twelve 
sections will implement the work of 
the institute. Charter members elected 
George M. Piersol as president; secretary 
is Igho H. Kornblueh, 1618 Allengrove 
St., Philadelphia 24, Pa. 

* = @ 

For the first time since 1950, the num- 
ber of children born in the United States 
apparently decreased in 1958, according 
to estimates released by the U.S. Public 
Health Service. National Office of Vital 
Statistics records indicate that about 
4,248,000 babies were born in 1958, a 
decline of 53,000, or 1 percent, from the 
record high set in 1957. Fewer marriages 
in 1957, when the marriage rate dropped 
4 percent from the previous year, ac- 
count for the estimated decrease. 


Scientists in the News 


HERBERT F. YORK has been ap- 
pointed by President Eisenhower to the 
new position of director of defense re- 
search and engineering, Department of 
Defense. On 15 March 1958 York was 
appointed director of research, Advanced 
Research Projects Division of the Insti- 
tute for Defense Analyses, and chief sci- 
entist of the Advanced Research Projects 
Agency of the Office of the Secretary of 
Defense. He has served on many govern- 
mental advisory committees, including 
the Air Force Scientific Advisory Board 
and the Army Scientific Advisory Board. 
He is a member of the President’s Sci- 
ence Advisory Committee. 


JAMES G. HILTON, an associate pro- 
fessor of pharmacology at the Univer- 
sity of Mississippi Medical Center, has 
accepted an appointment as an associate 
professor of pharmacology at Marquette 
University School of Medicine. 


RONALD BELL has joined Greer 
Hydraulics, Inc., Jamaica, N.Y., as senior 
research physicist. He will be engaged 
in research and developmental programs 
involving servo systems, transistorized 
circuitry, and other electromechanical 
devices. He was formerly associated with 
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the Bell System Westrex Division. Greer 
Hydraulics is an engineering-manufac- 
turing concern specializing in fluid me- 
chanical components and systems for 
aeronautics, missiles, and industrial ap- 
plications. 


GUENTHER STOTZKY, formerly 
research associate in the department of 
botany, University of Michigan, has 
joined the United Fruit Company as 
soil microbiologist at the new Central 
Research Laboratories, Norwood, Mass. 


WILLIAM M. FAIRBANK, now an 
associate professor at Duke University, 
will become professor of physics at Stan- 
ford University next fall. He is a spe- 
cialist in low-temperature physics. In 
recent years he has earned wide recog- 
nition for his work on the distinctly dif- 
ferent properties of the isotopes helium-3 
and helium-4 in their liquid state. 


VICTOR HICKS was recently pro- 
moted to rear admiral, U.S. Naval Re- 
serve, thereby becoming the first and 
only engineering duty (ordnance) offi- 
cer of flag rank, regular Navy or Naval 
Reserve. Not now on active duty with 
the Navy, he is in charge of the physics 
laboratory at the Allen-Bradley Company 
in Milwaukee, Wis., and research profes- 
sor of physics on the graduate faculty 
of Marquette University. 


The 80th birthday of KURT GOLD- 
STEIN, last 6 November, will be cele- 
brated in the spring issue of the Journal 
of Individual Psychology. The special is- 
sue will include an autobiographical 
statement and a group of papers gath- 
ered by a committee of friends. The 
issue will also contain a large portrait of 
Goldstein and his bibliography from 
1936 to 1958. The prepublication price 
of the Goldstein issue is $1.75. For fur- 
ther information, write to: Journal of 
Individual Psychology, University of 
Vermont, Burlington, Vt. 


The Albuquerque (N.M.) Nuclear 
Division of the Kaman Aircraft Corpora- 
tion has announced the appointment to 
its senior research staff of FRANK B. 
GRAY, Jr. For many years Gray was 
head of the applied physics development 
group of the Leeds and Northrup Com- 
pany, where he was responsible for the 
development, design, and initial appli- 
cations of electronic and optical instru- 
mentation for industrial and military 
contracts. 


Appointment of DONALD M. 
BROWN as research associate in botany 
to conduct overseas procurement of ex- 
otic plants for potential medicinal pur- 
poses has been announced by the College 
of Medical Evangelists, Loma Linda, 
Calif. Brown will leave for East Africa 
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soon after 1 February. Purpose of the 
program, financed by the Sterling- 
Winthrop Research Institute of Rensse- 
laer, N.Y., is to discover and develop 
natural products, primarily plants, used 
as medicines by primitive overseas tribal 
groups. Brown was professor of botany 
and chairman of biology at La Sierra 
College in Arlington, Calif. 


WILLIAM C. HOLLAND has been 
named professor of pharmacology and 
chairman of the department at the Uni- 
versity of Mississippi School of Medi- 
cine. He replaces JAMES C. RICE, who 
retired on 31 December 1958. Holland 
has been a member of the pharmacology 
department faculty at Vanderbilt Uni- 
versity School of Medicine since 1950. 


THOMAS P. NASH, Jr., professor of 
chemistry and dean of the School of 
Biological Sciences, University of Ten- 
nessee Medical Units, has received the 
1958 Southern Chemist Award of the 
American Chemical Society’s Memphis 
Section. He was honored “for distin- 
guished service to the profession of chem- 
istry in the Southern states.” 


JAMES B. FISK, formerly executive 
vice president of Bell Telephone Labora- 
tories, has been elected president of the 
company. He succeeds MERVIN J. 
KELLY, who has been elected chairman 
of the board of directors. Kelly has 
served as president of the Laboratories 
since 1951. ESTILL I. GREEN, vice 
president in charge of systems engineer- 
ing, is the new executive vice president. 


HENRY E. BILLINGSLEY has been 
appointed director of the Office of In- 
ternational Cooperation of the National 
Aeronautics and Space Administration. 
He was formerly chief of the Western 
European Division of the Defense De- 
partment’s Office of Internal Security 
Affairs. Billingsley will head an NASA- 
sponsored program to coordinate U.S. 
nonmilitary research and development 
in aeronautical and space matters with 
similar work of other nations and inter- 
national organizations. This cooperative 
program was authorized by the National 
Aeronautics and Space Act of 1958. 


The 1958 Southwest Award of the 
American Chemical Society was_ re- 
cently presented posthumously to KEN- 
NETH A. KOBE, former chairman of 
the department of chemical engineering 
in the University of Texas. The prize is 
given annually by the society’s local sec- 
tions in Oklahoma, Arkansas, Louisiana, 
Texas, and New Mexico for exceptional 
achievement by a chemist or chemical 
engineer. Kobe was cited for his contri- 
butions to the development of chemical 
processes and to chemical engineering 
education, 





Recent Deaths 


BENJAMIN F. BAKER, Monroeville, 
Pa.; 60; engineer with the Westinghouse 
Electric Corporation for 34 years and 
holder of 104 patents; taught physics at 
the University of Pittsburgh before join- 
ing Westinghouse; 21 Dec. 

ELIZABETH M’QUEEN  BAN- 
CROFT, Hermosa Beach, Calif.; 80; 
founder of the Women’s International 
Association of Aeronautics; 25 Dec. 

RUSSELL T. CRAWFORD, Ber- 
keley, Calif.; 82; professor emeritus of 
astronomy at the University of Califor- 
nia, Berkeley, who computed the orbits 
of many astral bodies; 21 Dec. 

LINCOLN GODFREY, Jr., Philadel- 
phia, Pa.; 43; research director of the 
National Council of Alcoholism; 19 Dec. 

HENRY KRUMB, New York, N.Y.; 
83; mining engineer and director of the 
Newmont Mining Corporation; former 
vice president of the American Institute 
of Mining and Metallurgical Engineers; 
27 Dec. 

FRANCIS LEACH, Silver City, 
N.M.; 70; mineralogist, technologist and 
general manager of the Radium Com- 
pany of Colorado; built a laboratory and 
pilot plant for the extraction and refining 
of radium, in partnership with her hus- 
band; 24 Dec. 

ROBERT MATHESON, _ Ithaca, 
N.Y.; 87; professor emeritus of the de- 
partment of entomology and limnology 
of Cornell University and a staff mem- 
ber since 1909; author of textbooks; 14 
Dec. 

WILLIAM E. MOFFITT, Cambridge, 
Mass.; 33; associate professor of chem- 
istry at Harvard University and a leader 
in theoretical chemistry; 19 Dec. 

ORSON D. MUNN, Southampton, 
N.Y.; 75; patent lawyer and former edi- 
tor and publisher of Scientific American 
magazine; 22 Dec. 

ELMER M. NELSON, Arlington, 
Va.; 66; head of the nutrition division of 
the Food and Drug Administration since 
1949, and director of the vitamin divi- 
sion from 1935 to 1949; 25 Dec. 

LEON A.ORBELI, Moscow, U.S.S.R.; 
77; physiologist and a specialist in mili- 
tary medicine who worked with Ivan 
Pavlov; secretary of the Soviet Acad- 
emy of Science’s section on biological 
science until 1948; 12 Dec. 

CLARA THOMPSON, New York, 
N.Y.; 65; founder and executive director 
of the William Alanson White Institute 
of Psychiatry; assistant executive director 
of the Washington School of Psychiatry, 
1943-46; coauthor of Psychoanalysis: Its 
Evolution and Development; 20 Dec. 

JOHN E. YOUNGER, Hyattsville, 
Md.; 66; head of the mechanical engi- 
neering department at the University of 
Maryland; taught at the University of 
California before joining the University 
of Maryland in 1938; 30 Dec. 
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Book Reviews 


Behavior and Evolution. Anne Roe and 
George Gaylord Simpson. Yale Uni- 
versity Press, New Haven, Conn., 1958. 
viii+557 pp. Illus. $10. 


This book is a very carefully organized 
cooperative effort, the result of two con- 
ferences organized jointly by the Ameri- 
can Psychological Association and the 
Society for the Study of Evolution. The 
planning began under the chairmanship 
of Anne Roe in 1953, and a first confer- 
ence was held in the spring of 1955. This 
was primarily for the purpose of explor- 
ing the possibility of real interdisciplin- 
ary collaboration and communication, 
and it was successful enough to lead to 
the holding of a second conference in the 
following year, organized with the spe- 
cific purpose of producing a publishable 
symposium. Drafts of formal papers were 
circulated in advance to the participants 
of the second conference; there they were 
discussed in a manner that was essen- 
tially editorial. 

The resulting symposium is, as the in- 
troduction points out, a mosaic, but, as 
the introduction goes on to say, “a mo- 
saic is (or can be) a picture and not a 
casual assortment of tiles.” I think most 
readers will agree that the organizers 
and editors have in fact been successful 
in synthesizing a large variety of contri- 
butions from different viewpoints into a 
coherent general scheme. This is a book, 
and not simply a haphazard collection of 
individual items. 

Both the topics mentioned in the title, 
behavior and evolution, are of course 
enormously complex subjects. No single 
volume can hope to deal exhaustively 
with either of them, let alone with both 
simultaneously. For the purpose of a 
symposium designed to cover, if not all 
possible aspects of behavior and evolu- 
tion, at least a wide and representative 
range of them, it was necessary to select 
some focal point around which the vari- 
ous contributions would be integrated. 
This focus is explained in the introduc- 
tion in the following words: “To dem- 
onstrate that morphology, physiology and 
behaviour are aspects of organisms all in- 
separably involved in, and explained by, 
the universal fact of evolution became a 
principle object of this symposium... . 
Behaviour itself, what it is descriptively 
and how its different aspects may be ex- 
plained and interrelated through evolu- 
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tion, is the very heart of the book’s 
theme.” 

The book starts, therefore, with a gen- 
eral statement of the status of evolution- 
ary theory of the present day. A chapter 
by Simpson gives a summary account of 
the modern neo-Mendelian, or “syn- 
thetic,” theory and sketches the general 
principles which have emerged from 
paleontological study, and Colbert and 
Romer provide some examples, mostly 
from vertebrates, of the conclusions that 
can be drawn from comparative and ana- 
tomical studies as to the relations be- 
tween evolutionary morphology and be- 
havior. After this introduction to the 
basic evolutionary ideas, the second part 
provides a background for an under- 
standing of the physical basis of behavior. 
Beach discusses the evolutionary aspects 
of psychoendocrinology; Caspari and 
Sperry deal respectively with the genetic 
and developmental bases of behavior; 
and Pribram and Bullock discuss the evi- 
dence from comparative neurology and 
neurophysiology. 

These two introductory parts bring us 
to the core of the book, a series of seven 
chapters entitled “Categories of be- 
haviour.” In the first of these, Nissen dis- 
cusses the various ways in which behavior 
may be classified: for instance, by its 
function, such as reproduction and dis- 
persal; by descriptive categories, such as 
social behavior; or by the kind of mecha- 
nisms involved, such as tropisms and 
conditioning. He concludes by a sugges- 
tion that the behavior of any animal 
could be scored according to its effec- 
tiveness in six functional categories 
(sensory capacities, locomotion, manipu- 
lation, perception, sensory motor con- 
nections, and reasoning) and advances 
the hypothesis that if at a series of geo- 
logical epochs the highest-scoring species 
at each of these points were taken, we 
would find evidence for some over-all 
consistency in the direction of behavioral 
evolution. This is, of course, to suggest 
that the evolutionary process does mani- 
fest a general direction of change—a 
concept which has often been referred 
to as evolutionary “progress,” unfashion- 
able though that word may be at this 
time. 

In later chapters of this section, some 
examples of the various categories sug- 
gested by Nissen are discussed in more 
detail. Marston Bates reviews food-get- 


ting behavior, mostly in insects and 
vertebrates; Carpenter deals with terri- 
toriality; while Thompson and Emerson 
discuss social behavior in general, and 
the evolution of behavior among social 
insects. In a very stimulating chapter, 
Harlow considers the evolution of a be- 
havioral mechanism—namely, learning. 
He pays more attention than is usual in 
such discussions to the learning abilities 
of quite lowly forms such as flat-worms, 
and he argues forcefully that “there is no 
evidence that any sharp break ever ap- 
peared in the evolutionary development 
of the learning process.” 

An article of a rather different kind 
is that of Hinde and Tinbergen, who dis- 
cuss the comparative study of species- 
specific behavior and point out “that the 
comparative study of behaviour can yield 
the same type of results as comparative 
anatomy—a tentative description of the 
course evolution has taken.” They sup- 
port this by a detailed study of the be- 
havior of certain nearly related species, 
using the concepts and methods of the 
“ethology” school. A similar conclusion 
is reached by Mayr in a chapter entitled 
“Behaviour and systematics,” which deals 
with the subject from a broader com- 
parative point of view. This leads on to 
two chapters in which behavior is dis- 
cussed as a part of the evolutionary 
mechanisms. Spieth shows that the re- 
productive isolation between species 
often involves a behavioral sexual-isolat- 
ing mechanism, while Pittendrigh dis- 
cusses behavior as an aspect of adapta- 
tion, subject like morphological and 
physiological adaptations to genetic vari- 
ation and selection. 

This brings us to the penultimate sec- 
tion of the book, on evolution and human 
behavior. Washburn and Avis begin by 
a comparative review of the behavior 
and correlated functional adaptations of 
monkeys, apes, and man. We then pass 
on to three fascinating and stimulating 
chapters in which concepts derived from 
the theory of evolution are applied to 
higher human cultural behavior. The 
subject is approached in turn from a gen- 
eral biological, a psychological, and a 
cultural anthropological point of view. 
When it is mentioned that the authors 
are Julian Huxley, Freedman and Roe, 
and Margaret Mead, the reader will 
easily realize that these chapters, short 
as they are, are packed too full for it to 
be possible to indicate the nature of their 
contents in a short review. 

The book concludes with an epilog by 
G. G. Simpson, who makes a manful and 
indeed remarkably successful attempt to 
synthesize the enormously varied con- 
tributions of the earlier authors. The 
success of Simpson’s epilog is in fact a 
demonstration of the real unity which the 
book possesses; it shows that an account 
can be given of animal behavior, and 
at least to some extent of human, in 
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which the theory of evolution provides 
just as effective an intellectual frame- 
work as it can do for a textbook of com- 
parative anatomy. 

If a word of criticism were to be 
offered, it might be this: The relation 
of the behavior of an animal to the evo- 
lutionary process is not solely that of a 
product; behavior is also one of the fac- 
tors which determines the magnitude and 
type of evolutionary pressure to which 
the animal will be subjected. It is at the 
same time a producer of evolutionary 
change as well as a resultant of it, since 
it is the animal’s behavior which to a 
considerable extent determines the na- 
ture of the environment to which it will 
submit itself and the character of the 
selective forces with which it will consent 
to wrestle. The various types of “feed- 
back” or circularity in the relation be- 
tween an animal and its environment 
are rather generally neglected in present- 
day evolutionary theorizing. One might 
have hoped that the complexity of this 
relationship would be more explicitly 
taken into account in a book concerned 
primarily with behavior and evolution, 
since it is in relation to behavior that the 
circular relation is perhaps most obvious. 
However, although such considerations 
are perhaps often just below the surface 
of the problems discussed by the various 
authors, they never seem to emerge com- 
pletely into the light of day. For in- 
stance, when Pittendrigh writes that his 
“assigned task in this symposium was to 
discuss behavior as adaptation,” I would 
have liked to see him go on to state that 
the adaptation must be to circumstances 
which arise largely as a result of the be- 
havior. Again, Spieth, in his extremely 
interesting discussion of the role of be- 
havior in the reproductive isolation be- 
tween closely related species, never quite 
gets around to discussing how far the be- 
havior itself has played a role in the 
production of the differentiation between 
the species. There is here, I think, wait- 
ing to be developed, a synthesis between 
evolutionary theory and the study of 
behavior which goes even deeper than 
that recorded in this symposium. 

C. H. WappincTon 
Institute of Animal Genetics, 
University of Edinburgh 


Human Dissection, Its drama and strug- 
gle. A. M. Lassek. Thomas, Spring- 
field, Ill. 1958. 310 pp. Illus. $6.50. 


All scientific men are aware of the 
effort, the long hours, the frustrations, 
and often the personal danger involved 
in the tasks they have chosen to do. 
Some sections of the public may be in- 
terested in scientific things, but other 
people are at times very resistant toward 
nontraditional ideas. In two fields— 
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namely, animal experimentation and hu- 
man dissection—obstructions have devel- 
oped, not because of the ideas involved, 
but because of the materials and meth- 
ods used for investigation and teaching. 
The history of the use of animals re- 
mains to be written; this book, however, 
does an admirable job with the story of 
dissection—its impact, the personalities 
involved, and the emotional milieu at 
different times and places. 

Anatomy, like other academic areas, 
has immediate concern for only a small 
but selected minority. Today, for in- 
stance, an adequate amount of dissec- 
tion material for teaching and research 
would be supplied in most states having 
medical and dental schools by about one 
body per 200 deaths. Few places now 
have even this much material to work 
with; the whole history of dissection, 
except perhaps for continental Europe 
during the 18th and 19th centuries, re- 
flects an inadequate supply. 

Lassek has made an interesting and 
careful compilation of accounts from 
many sources for this history. It relates 
to the whole span of anatomical study, 
from ancient times to 1958. About a 
third of the book deals with pre-Vesalian 
anatomy; another third is concerned with 
dissection in Europe and Asia, while the 
remainder covers dissection in America. 
The book shows a broad perspective; 
the author pictures an age-long struggle 
between effective pedagogy and the 
search for knowledge on the one hand 
and prejudice, noncooperation, and ob- 
struction on the other. 

Death is an incomprehensible event. 
Primitive ideas—spirits, mysticism, fear, 
ritual—have always had an effect on the 
manner in which people treat their dead. 
Lassek properly emphasizes this point. 
Problems have been most complex in the 
British Isles and in America, where legal 
provisions for anatomizing have lagged 
in relation to the demand for trained 
medical men. People have been dis- 
turbed—this was especially true during 
the 100-year period from 1775 to 1875 
—hby the activities of “gentlemen” resur- 
rectionists (that is, surgeons and medical 
students) and by hoodlums who engaged 
in grave robbing. The methods used, the 
squabbles with the law, the notorious 
cases, the murders for profit, and the 
riots of outraged townsfolk are described 
in detail. The need for good anatomical 
laws and the pressures on legislators are 
outlined. 

Lassek also gives enough biographical 
data on about twenty of the key anato- 
mists of the past 2000 years or so to 
make one appreciate the drives that 
motivated these men. He tells of spec- 
tacles of the 16th century where the 
bodies of criminals were dissected and 
demonstrated before students and “im- 
portant” people. There are stories also 
of the surgeon-anatomists of the 18th 


and 19th centuries and of the improve- 
ments in ‘instructional standards in the 
20th. 

Lassek has not only presented a his- 
tory; he has laid out the background 
for the persisting problem of cadaver 
shortage that also plagues present-day 
anatomists. 

W. T. DempsTER 
Anatomy Department, 
University of Michigan Medical School 


Tribes that Slumber. Indian times in the 
Tennessee region. Thomas M. N. 
Lewis and Madeline Kneberg. Uni- 
versity of Tennessee Press, Knoxville, 
1958. xi+ 350 pp. Illus. $3.75, 


“This book has been written for stu- 
dents, for amateur archaeologists, and 
for all persons with curiosity about the 
Indians” (preface, page v.). 

The organization and literary style of 
this book, enhanced by a most attractive 
binding and beautiful illustrations, set a 
high standard for popular writing on 
American archeology. Since this is the 
first contemporary book in the field to 
be written by professionals for persons 
without advanced technical training, it 
is well that the standards are so high. 
Certainly American archeology needs 
more in the way of good publication for 
this audience, and it is expected that 
this book will serve, in some degree, as 
a model. 

Chapter headings include “Nomadic 
hunters of the Ice Age,” “The Archaic 
era,’ “Early Woodland Indians,” and 
“Burial Mound Builders.” The later and 
more elaborate Dallas, Mouse Creek, and 
Historic Cherokee cultures, Busk-South- 
ern Cult ceremonialism, and Cherokee 
ceremonialism and history are well de- 
scribed and made the subjects of general- 
ized interpretative treatment in the other 
chapters. Ten thousand years of the pre- 
history and early history of the Tennes- 
see area are covered. 

The first two chapters are sufficiently 
general to be of considerable interest in 
the eastern United States as a whole. 
The later chapters describe and interpret 
phenomena restricted rather more to 
Tennessee, although the interpretations 
are of much wider application. 

A real virtue of this book is the con- 
stant interpretation, in cultural terms 
ranging from the general to the specific, 
of archeological phenomena by means 
of information culled from accounts of 
historic tribes. The descriptions are of 
prehistoric cultures with some life, not 
of artifacts and structural remains alone. 
But—a valuable part of interpretation— 
there are very well-presented and well- 
illustrated descriptions of artifacts, tech- 
inques, and technological processes. 

Professional archeologists will find 


SCIENCE, VOL. 129 














rove- 
. the 


his- 
ound 
laver 
t-day 


STER 


school 


n the 
aN, 
Uni- 


ville, 


* stu- 
and 
t the 


le of 
ictive 
set a 
g on 
s the 
ld to 
rsons 
1g, it 
high. 
needs 
n for 
that 
“e, as 


nadic 
chaic 

and 
r and 
, and 
outh- 
rokee 
1 de- 
1eral- 
other 
: pre- 
nnes- 


ently 
est in 
rhole. 
rpret 
re to 
ations 


- con- 
terms 
ecific, 
neans 
its of 
re of 
not 
alone. 
ion— 
well- 
tech- 
aS, 
find 


IL. 129 














much to argue with in details of data 
and of interpretation and in some more 
general matters. Certainly not all of us 
accept as much population replacement 
with the advent of each new cultural 
entity as is implied, and many of us do 
not accept all of the ethnic identifications 
which are made. Yet this is a top-notch 
job by writers thoroughly familiar with 
the historic and prehistoric material. As 
such, it may be strongly recommended 
to the audience for which it was written. 
WiiuraM H. Sears 
Florida State Museum, Gainesville 


Soils for the Archaeologist. I. W. Corn- 
wall. Macmillan, New York, 1958. 230 
pp. Illus. $7.50. 


This book is a pioneer undertaking. It 
fills a need long felt in archeology. One 
supposes that the archeologist, whose 
principal concern is the extraction of in- 
formation from the soil, would have a 
thorough grounding in the subject of 
soils, This is apparently not the case. 
Many reports refer to soils only in vague 
terms or omit discussions of soils alto- 
gether. 

The author of this book, I. W. Corn- 
wall of the department of environmental 
archaeology, Institute of Archaeology, 
London University, brings to us the bene- 
fit of nearly ten years of field and labora- 
tory experience in “learning how to ex- 
tract relevant information from soils and 
archaeological deposits.” 

The chapters include: (part I) “Ar- 
chaeological deposits”; (part II) 
“Weathering and soils’; (part III) 
“Techniques of soil-investigation”; and 
(part IV) “Interpretation and exam- 
ples.” There is an appendix. 

Two approaches are inherent in soil 
studies for the archeologist. One is the 
identification of artificial or man-dis- 
turbed soils. The other is the identifica- 
tion and study of ancient natural soils 
(paleopedology). Of intrinsically greater 
importance, the latter approach may give 
clues to the environments of ancient cul- 
tures. 

The book is intended “to take the 
‘magic’ out of soil investigations.” Its 
purpose is also to show what sedimen- 
tary petrology and soil science can do 
towards explaining the phenomena which 
many archeologists meet daily in their 
excavations. Certainly, if archeology is 
to progress, the material surrounding the 
artifact and represented by various sym- 
bols in profile drawings must be handled 
as carefully and analyzed as well as the 
artifacts themselves. It has been custom- 
ary to call in the soil specialist for an 
analysis if the means are available. Corn- 
wall describes how one can find the an- 
swers to some questions with the aid of 
rudimentary equipment and basic knowl- 
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edge. It may be argued that the demands 
made upon the field archeologist in his 
study of the cultural remains are quite 
enough to keep him busy. Still he should 
have some background information con- 
cerning what lies behind soil studies and 
some knowledge of how such studies may 
help him in the broader analysis of man’s 
past. Moreover, in this regard, he should 
at least know how to collect soil samples 
so that they may be studied. He should 
be in a position to discuss his problems 
intelligently with the soil scientist. Co- 
operation may be of little help unless di- 
rection to the problem is given. 

Cornwall’s earlier book, Bones for the 
Archaeologist, has been mildly criticized 
for its emphasis upon the Old World and 
its limited applicability to the problems 
of the New World. His present work 
deals with a more universal subject, al- 
though it, too, is understandably directed 
to Old World readers (there is only one 
reference to the work of an American in 
soil studies). It may be said that in con- 
cerning himself with a shorter time span 
of prehistory than some of his European 
colleagues, the American archeologist at 
home may find some of the soil studies 
inapplicable. However, as is implied, not 
all Old World archeologists deal with an- 
cient time periods either. 

In all, this is a very stimulating book 
and deserves to be looked into by the 
field archeologist, whatever his problem 
in soils. 

RaA.pH SOLECKI 
U.S. National Museum, 
Smithsonian Institution 


Social Mechanisms. Studies in sociolog- 
ical theory. Georg Karlsson. Free 
Press, Glencoe, Ili., 1958. 156 pp. $5. 


The author is concerned with social 
mechanisms—models which cover only a 
part of a total social process. He differs 
from Herbert Simon, who builds models 
for either rational or socially influenced 
behavior, by insisting that the model 
builder simultaneously provide for both 
rational and irrational determinants. Un- 
der three headings—social diffusion, 
group choice, and interaction—he pre- 
sents existent theoretical models and 
selected empirical findings. His criticism 
of earlier work is blunt and direct when 
a better model is known to him (see his 
comment on Stouffer on migration, page 
64). But in the suggestions for the im- 
provement of models given at the end of 
the three main sections of the book the 
speculations appear ad hoc and dis- 
jointed, and one wishes that either 
greater use of nonquantitative social 
theory or more explicitly stated mathe- 
matical criteria had guided the criticism. 

The author’s contribution, in addition 
to his function as a reviewer, is a system 


of accounting equations (page 134). 
These equations assume the availability 
in matrix form of probabilities assigned 
to matters like the future acts of other 
individuals. As we have come to know 
from the analysis of chess moves, the 
speed of growth of alternative sequences 
of action is very great. It therefore 
stretches our optimism to believe that 
the many-faceted social process will be 
easily tamed by probabilistic approaches. 
It would properly be difficult to con- 
vince behavioral scientists that Karls- 
son’s approach is the most direct route 
to deeper understanding of the regulari- 
ties of social behavior, but whoever 
among them chooses to teach or write 
on social applications of mathematical 
models will wish to study and refer to 
this handsomely printed volume, both 
for its pioneering classification of earlier 
studies and for the reports of recent 
European work. 

Frep L. StroptBeck 
Department of Sociology, 
University of Chicago 


Insect Migration. C. B. Williams. Mac- 
millan, New York, 1958. xiii + 235 pp. 
Illus. + plates. $6. 


This handsomely illustrated volume, 
the latest of the “New Naturalist” series, 
deals largely with the migration of but- 
terflies and moths. The migration of lo- 
custs, dragonflies, ladybird beetles, hover 
flies and other insects is discussed in vary- 
ing detail, but the lifelong interest of the 
author in the Lepidoptera is reflected 
through the entire book. 

Williams defines migration as “con- 
tinued movement in a more or less defi- 
nite direction, in which both movement 
and direction are under the control of 
the animal concerned.” Some other au- 
thors restrict the term migration to two- 
way movements. 

The book is divided into four parts: 
introduction, evidence, problems, and 
methods. The first section gives a general 
introduction to insect migration and a 
brief history of the phenomenon. The 
second is devoted to anecdotal reporting 
of migrations. The third section—the 
largest—discusses the origin of migra- 
tion, possible mechanisms of migrant 
orientation, the return flight, the relation 
of population density to migration, and 
similar problems. 

Although it is not at present possible 
to offer solutions to most of the mysteries 
of insect migration, Williams presents 
much thought-provoking data. However, 
the discussion of the evolution of the 
migratory habit is unfortunately brief. 
For instance, the book contains little 
mention of the regular daily movements 
of certain butterflies, which might well 
illustrate “primitive” migratory behavior. 
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The final section deals with methods 
of studying migration. The major em- 
phasis is on observation, and the view 
of the possible fruits of experimental 
studies is, perhaps, overly pessimistic. 

There are an annoying number of 
typographical errors, misspelling of gen- 
eric names, incorrect plate references, 
and so forth. In some cases the choice of 
generic names is doubtful, and in several 
instances a species is placed in two dif- 
ferent genera on different pages. An ap- 
pendix giving “the numbers of individ- 
uals of twenty-nine species of immigrant 
butterflies and moths in Britain each 
year from 1850 to 1955” might well 
have been omitted in favor of a more 
comprehensive bibliography (some works 
mentioned in the text are not cited in 
the bibliography) or more discussion of 
movements of insects other than Lepi- 
doptera (such as mosquitoes). 

Because the enthusiasm of the author 
for his subject is contagious, this interest- 
ing and well-written book will doubtless 
do much to stimulate interest in the phe- 
nomenon of insect migration. 

Paut R. EnrRucH 
Department of Entomology, 
University of Kansas 


Georgia Birds. Thomas D. Burleigh. 
University of Oklahoma Press, Nor- 
man, Okla., 1958. xxix + 746 pp. Illus. 
$12.50. 

Bird Hybrids. A check-list with bibliog- 
raphy. Technical Communication No. 
13, Commonwealth Bureau of Animal 
Breeding and Genetics, Edinburgh. 
Annie P. Gray. Commonwealth Agri- 
cultural Bureaux, Farnham Royal, 
Bucks, England, 1958. x + 390 pp. 50s. 

Extinct and Vanishing Birds of the 
World. Special Publication No. 13. 
James C. Greenway, Jr. American 
Committee for International Wild 
Life Protection, New York, 1958. 
x +518 pp. Illus. 


The three books reviewed here have 
little in common besides the mere re- 
cording and arranging of information 
about birds with little or no intention of 
analyzing or explaining the data they 
present. Within their scope they repre- 
sent three quite diverse aspects of bird 
study: a regional or faunal work, a com- 
pilation of hybridization in wild and 
captive birds, and a record of the pass- 
ing from the scene of those species which 
have been the casualties of man’s ad- 
vance over the face of the globe. 

The first of these, dealing with the 
bird life of the state of Georgia, presents 
an up-to-date account of all the kinds of 
birds authentically recorded in that state. 
The individual accounts of each species 
are written to accord with its actual 
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status in the area and, except for brief 
statements, no attempt is made to dis- 
cuss its activities or occurrence else- 
where. In this it succeeds very well and 
gives every indication of taking its place 
with other well-known state bird books. 
The geographic location of the area it 
covers makes it a particularly welcome 
addition to regional American works. 
The account of each species gives a state- 
ment of its general distribution, its status 
in Georgia (given in necessary detail), 
and one or more paragraphs about its 
habits and recognition marks. The 35 
colored plates from paintings by George 
M. Sutton are well done, but in the re- 
view copy they were, in some cases, too 
pale. This may be the fault of the print- 
ing rather than the painting. The book 
has an adequate index. 

The second book is a straightforward 
check list, with bibliography, of known 
avian hybrids. While no great critical 
appraisal has been made of the surpris- 
ingly great number of such occurrences, 
the individual accounts do cite references 
that substantiate or cast doubt on the 
record in question. In other words, it is 
left to the user of the book to accept or 
reject a given record. It is too bad that 
no attempt was made to distinguish be- 
tween hybrids in the wild state and those 
in captivity. In the latter category we 
find many instances of crosses between 
cage mates that in nature do not occur 
within thousands of miles of each other. 
The ducks seem to be the most prone 
to hybridizing—the mallard has no less 
than 50 crossings with other species 
listed; the wood duck, 26; the pintail, 
27; and so forth. The literature and 
other sources appear to have been thor- 
oughly covered, and the result is a use- 
ful source of information on bird hybrids. 

Greenway’s record of extinct and van- 
ishing bird species is, even as a bald 
record, not as good as either of the above 
books. One of the things the reader 
wants to look up is where (in what mu- 
seums) specimens may be seen of each 
of these departed species, and here the 
coverage is very incomplete. The author 
seems to have been aware of this as he 
dodges the issue by listing only the speci- 
mens known to him, without attempting 
to make his knowledge more complete. 
In checking this feature of the book 
against the collections in the U.S. Na- 
tional Museum, I found that specimens 
—sometimes in considerable numbers— 
of nearly three-quarters of the species 
discussed were not mentioned in the 
book. What is true of the collections in 
the National Museum is true of those in 
other museums as well. The historical 
data on the various species are similarly 
incomplete or, in some cases, inaccurate. 
Thus, the story of the demise of the last 
passenger pigeon in the zoo at Cincinnati 
is given correctly for that species, but is 





repeated, incorrectly, for the Carolina 
parakeet. The book will undoubtedly be 
consulted as a source reference for years 
to come, and it is all the more unfortu- 
nate that it is not consistently as good 
throughout as it is in many places. 

HERBERT FRIEDMANN 
U.S. National Museum, 


Smithsonian Institution 


New Books 


Morphologie structurale. vol..1, Struc- 
ture statique, formes structurales élémen- 
taires. vol. 2, Types d’évolution du relief, 
théories orgéniques. Pierre Birot. Presses 
Universitaires de France, Paris, 1958. 464 
pp. vol. 1, F. 1000; vol. 2, F. 1800. 

Philosophy of Atomic Physics. Joseph 
Murdy. Philosophical Library, New York, 
1958. 136 pp. $3.75. 

The Physics of Elementary Particles. J. 
D. Jackson. Princeton Univ. Press, Prince- 
ton, N.J., 1958. 144 pp. $4.50. 

Physiology of Fungi. Vincent W. Coch- 
rane. Wiley, New York; Chapman & Hall, 
London, 1958. 537 pp. $9.75. 

The Practice of Sanitation. Edward S. 
Hopkins and Wilmer H. Schulze. Williams 
& Wilkins, Baltimore, Md., ed. 3, 1958. 
496 pp. $8. 

Problems in Wood Chemistry. Weiz- 
mann Science Press of Israel, Jerusalem, 
1957 (order from Interscience, New 
York). 136 pp. $6.75. The lectures and 
discussions which took place during the 
meeting of the FAO panel of experts on 
wood chemistry in Israel in April 1956 
are published in this volume. 

Process Dynamics. Dynamic behavior 
of the production process. Donald P. 
Campbell. Wiley, New York; Chapman 
& Hall, London, 1958. $10.50. 

Quantum Electrodynamics, Selected 
Papers. Julian Schwinger, Ed. Dover, 
New York, 1958. 441 pp. $2.45. 

Readings in Linear Programming. S. 
Vajda. Wiley, New York, 1958. 106 pp. 

Roads. Fon W. Boardman, Jr. Henry 
Z. Walck, New York, 1958. 143 pp. Roads 
is a juvenile book that tells the story of 
road building from the days of the Ro- 
mans to the modern roads of today. De- 
scriptions of the materials used and the 
modern road-building machinery are in- 
cluded. 

Sampled-Data Control Systems. Eliahu 
I. Jury. Wiley, New York; Chapman & 
Hall, London, 1958. 468 pp. $16. 

Science. A course of selected reading by 
authorities. International Univ. Soc., Lon- 
don, ed. 2, 1958 (order from Collings, 
Inc., New York 17). 345 pp. $4.50. The 
contents are divided as follows: “The 
origin and meaning of science”; “The 
universe”; “Matter and energy”; “Science 
and everyday life.” There is an introduc- 
tory reading guide by E. N. Da. C. 
Andrade. 

Solid State Physics. Advances in re- 
search and applications. vol. 7, Frederick 
Seitz and David Turnbull, Eds. Academic 
Press, New York, 1958. 539 pp. $12. 

Trends in Genetic Analysis. G. Ponte- 
corvo. Columbia Univ. Press, New York, 
1958. 145 pp. $4. 
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Mutation in the Protozoan 
Paramecium multimicronucleatum 
as a Result of X-irradiation 


Abstract. Mutations have been pro- 
duced in the protozoan Paramecium mul- 
timicronucleatum by repeatedly exposing 
clonal cultures of the animals to large 
dosages of x-irradiation. The descendants 
of x-rayed survivors showed the following 
changes, which persisted in culture: de- 
struction and loss of all micronuclei, de- 
crease in vitality and reproductive rate, 
increase in x-radiation sensitivity, mon- 
strosity, and reduced body size. 


Mutations of diverse kinds have been 
reported as a result of x-irradiation in a 
number of representative free-living 
flagellate, ciliate, and ameboid Proto- 
zoa. Striking changes in size of the giant 
multinucleate ameba, Chaos chaos, were 
produced by x-radiation of selected di- 
viding animals during the latter part of 
the mitotic process (/). Clones were cre- 
ated which yielded amebas of a size 
(volume) that averaged about 60 percent 
that of the parent clone. These changes 
persisted for 4 years, the duration of the 
experiment. In similar manner, another 
size change was produced from this sec- 
ond clone which resulted in another 60 
percent reduction. 

Experiments were initiated in 1954 in 
an attempt to breed x-ray-—resistant clones 
of Paramecium multimicronucleatum 
(2). As a result, it was discovered that 
the radiations increased sensitivity rather 
than resistance. Furthermore, amicronu- 
cleate progeny were produced, as well as 
other persisting changes. 

The x-ray generator used operated 
simultaneously two water-cooled Cool- 
idge tubes in alternate parallel. One tube 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
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Reports 


was mounted permanently on a _ plat- 
form, and the other tube was supported 
on a counterbalanced arm which allowed 
it to be moved vertically and in line di- 
rectly over the fixed tube. The animals 
were thus irradiated by a cross fire of 
x-rays from above and below. The x-ray 
tubes operated at 182 kv peak and at 25 
ma, with an equivalent filtration of 0.2 
mm of copper. When the tubes were 
brought as close together as possible, 
maximal intensity was 5500 r per minute. 

For each irradiation experiment, 200 
paramecia were selected from rich clo- 
nal cultures in desiccated lettuce me- 
dium and placed in each of four nylon 
syringes of 2-ml capacity and free of 
air spaces, then x-rayed simultaneously. 
Details of the method and its advantages 
have been described previously (3). Im- 
mediately after all irradiation exposures, 
survivors of the different doses were ex- 
pressed from the syringes into test tubes 
filled with buffered lettuce medium con- 
taining the bacterium Aerobacter aero- 
genes, which served as the food source. 
Upon regaining reproductive ability, 
progeny of the survivors were harvested, 
placed in the syringes, and irradiated as 
before. In this manner, six approximately 
evenly spaced irradiation exposures were 
given within a 33-day period at varied 
dosages which resulted in bringing the 
cumulative clonal dosage to 1000 kr. 

Survivors and their progeny were cul- 
tivated in lettuce medium and, after a 
lapse of 10 months from the last expo- 
sure to x-rays, were similarly irradiated 
seven times within another 33-day period 
to bring the total clonal exposure for 
both periods to 1800 kr. The use of the 
four syringes at one time provided a con- 
venient means of varying the exposure 
dosage. For example, paramecia in the 
first, second, third, and fourth syringes 
were exposed to dosages of 50, 100, 150, 
and 200 kr, respectively. For the second 
exposure, given later to progeny of the 
survivors of the preceding irradiation, 
the dosage was increased. Thus, speci- 
mens in the first syringe next received 
100 instead of 50 kr; those in the second, 
150 instead of 100 kr; and so on. In later 
irradiation periods, progeny of irradiated 
survivors were generally exposed to 100 
to 250 kr, although occasionally doses up 
to 400 kr were employed. 

Control and irradiated animals were 


stained by means of the Feulgen reac- 
tion, after fixation in Schaudinn’s fluid. 
One conspicuous result of this type of 
irradiation is the complete destruction 
of all micronuclei yielding entirely ami- 
cronucleate clones of animals. Unirradi- 
ated control specimens possessed three 
(rarely four) vesicular micronuclei, each 
measuring 2.5 uw. The disappearance of 
the micronuclei was gradual. Clones in- 
vestigated cytologically after having re- 
ceived 1000 kr revealed 8 percent with 
two micronuclei, 32 percent with one 
micronucleus, and 60 percent amicronu- 
cleate. After clonal exposure to a total of 
1800 kr, all micronuclei were destroyed 
Fig. 1). 
The size and shape of the organisms 
were altered as a result of the irradia- 
tion—characteristics which persisted even 
more than | year after the final exposure 
to x-radiation. Measurements of 50 liv- 
ing control specimens averaged 206 pu 
‘range, 190 to 228 n), while a like num- 
ber of the heavily irradiated clonal speci- 
mens averaged 144 pw (range, 122 to 
175 pw). Instead of being “cigar-shaped” 
and streamlined, like the controls, speci- 
mens from the heavily irradiated clones 
were broader and ellipsoidal. 
Additional persisting characteristics of 
specimens from clones irradiated in this 
manner even | year after the last x-ray 
exposure are the following: decreased re- 
productive rate, greater x-radiation sensi- 
tivity, reduced swimming vigor, and oc- 
casional occurrence of monstrosity. Data 
based upon daily isolation of specimens 
in spot plates showed that the reproduc- 
tive rate of well-fed control animals oc- 
casionally reached three divisions per 
day, and generally not less than two, 
while clonally irradiated specimens pos- 
sessed a fission rate that rarely reached 
two divisions per day (24°+1.5°C). 
Animals from clonal cultures previ- 
ously irradiated with the cumulative 
dose of 1800 kr were more radiosensitive 
than those irradiated for the first time. 





Fig. 1. (Left) Three small vesicular micro- 
nuclei to the left of the large, compact 
macronucleus of a normal unirradiated 
animal. (Right) Amicronucleate condition 
showing only macronucleus, since micro- 
nuclei have been destroyed as a result of 
the x-irradiation. (x 600) 
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For example, in one experiment speci- 
mens which had been treated in identi- 
cal manner by irradiation and isolation 
were then observed at least five times 
throughout a 48-hour period after expo- 
sure to four different doses, ranging from 
85 to 343 kr. The 50 control specimens 
irradiated for the first time with 343 kr 
showed a survival rate of 58 percent. In 
contrast, the 31 specimens from the 
cumulatively irradiated (1800 kr) clone, 
after exposure to 343 kr, showed a sur- 
vival rate of 45 percent 48 hours after 
irradiation. 

X-irradiation has been shown to effect 
micronuclear number in certain other 
ciliate Protozoa. When specimens of 
Paramecium aurelia, which possess two 
vesicular micronuclei, were irradiated 
with single doses of from 200 to 537.4 kr, 
allowed to multiply for 24 hours, and 
then killed and stained for micronuclear 
examination, it was reported that the 
fraction of specimens with less than two 
micronuclei increased with increase in 
dosage while the fraction with two—the 
normal number—decreased (4). In the 
ciliate Tetrahymena pyriformis, which 
has one micronucleus, haploid exconju- 
gants were produced as a result of cross- 
ing one clone that was exposed to 400,- 
000 r with nonirradiated cells of opposite 
mating type. After two haploids were 
crossed, a clone resulted which showed 
80 to 90 percent amicronucleate animals 
(5). When cultures of two different 
strains of T. corlissi were successively and 
heavily x-irradiated in a manner some- 
what similar to that which I first used in 
1954 (2), amicronucleate races were also 
produced (6). 

During the past 30 years, some para- 
mecia collected in nature revealed the 
amicronucleate condition (7). These 
naturally occurring amicronucleate forms 
yielded races which have proved to be as 
vigorous as their micronucleate sisters. It 
would appear, at least in these instances, 
that the micronucleus is unnecessary to 
the life of ciliates which depend upon 
asexual reproduction alone. Indeed, 
amicronucleate races can mate and con- 
jugate with micronucleate ones of oppo- 
site mating type. 

On the other hand, Miyake (8) 
treated dividing specimens of Parame- 
cium caudatum—which has but one mi- 
cronucleus—with urea and created ami- 
cronucleate and bimicronucleate races. 
He reported that loss of all micronuclei 
was usually followed by considerable de- 
crease in vitality, fission rate, and body 
size—all characteristics which I found in 
the irradiated, amicronucleate animals. 
Miyake concluded that the micronucleus 
of P. caudatum is a fundamental part 
of the cell and that the increase or de- 
crease of the number of micronuclei 
causes a physiological imbalance result- 


ing in the accompanying deleterious ef- 
fects. 
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In the heavily irradiated clones of 
Paramecium multimicronucleatum dis- 
cussed here, the attribution of decrease 
in vigor, size, reproductive rate, and ra- 
dioresistance to the loss of micronuclei 
is untenable, since amicronucleate races 
of ciliate Protozoa which have all the 
normal and vigorous characteristics of 
micronucleate races occur in nature. The 
effects induced by x-irradiation in P. 
multimicronucleatum are more probably 
caused by the alteration of the sets of 
genes which are located in the macronu- 
cleus (9). The experiments suggest that 
subjecting these organisms and _ their 
progeny to repeated exposure of x-irradi- 
ation yields mutations which are dele- 
terious to the race (J0). 

RatpH WICHTERMAN 
Department of Biology, 
Temple University, and 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 
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Ozone in High Concentrations as 
Cause of Tobacco Leaf Injury 


Abstract. Evidence obtained by means 
of rubber strip tests and an ozone recorder 
indicates the presence of abnormal con- 
centrations of ozone in the atmosphere at 
times. Excellent correlation was obtained 
between appearance of “weather fleck” in 
tobacco and high values for ozone. The 
great similarity between lesions occurring 
naturally and those produced by ozone in 
chambers also indicates that ozone is the 
probable inciting agent of weather fleck. 
Varietal differences exist. Study of stoma- 
tal action helped to explain variation in 
leaf injury. 


Tobacco leaf injury known as 
“weather fleck” or “fleck” has become 
a serious problem in the production of 
cigar-wrapper tobacco in the Connecti- 
cut Valley (1). Fleck has been observed 
on flue-cured tobacco in North Carolina 
and in Ontario, Canada, and on other 
tobacco types in some areas. Since 1954, 
and perhaps earlier, fleck of varying de- 
grees of severity has developed on to- 
bacco in plots at Beltsville, Md., about 











6 miles northeast of the 
Columbia. 

Research in 1958 at Beltsville and at 
Riverside, Calif., provides evidence that 
the inciting agent of tobacco weather 
fleck is high concentrations of ozone. 
Formation of ozone by photochemical re- 
actions involving nitrogen dioxide, cer- 
tain hydrocarbons, or other air-borne 
chemicals identified in the Los Angeles 
area is known to occur (2). On tobacco, 
as on bean (3) and grape (4), the small 
lesions occur on the upper leaf surface. 
Primary lesions are restricted to the pali- 
sade layer (1, 4). After a day the larger 
lesions, which usually do not exceed 3 
mm in diameter, may appear also on the 
lower leaf surface. Leaf injury progresses 
from the bottom to the top of the plant. 
Normally, leaves are not susceptible until 
they are fully expanded. 

Stretched rubber is used as a specific 
test for ozone (5). To provide tension, 
the strips of rubber are tied in loop form 
(2). During September, daily exposures 
of rubber strips were made in the to- 
bacco plots in the hope of correlating 
fleck appearance with days of high 
ozone concentration. Ozone concentra- 
tion based on cracking of rubber strips 
for each exposure date was evaluated 
by C. E. Bradley and A, J. Haagen-Smit 
of California Institute of Technology. 
From 16 September to 22 October a 
continuous recorder of atmospheric 
ozone was operated in the field. This 
recorder was a prototype of model 725-2 
ozone recorder made by Mast Develop- 
ment Corporation (Davenport, Iowa), 
which was on loan for test purposes to 
the U.S. Public Health Service (6). 
Although the measurements, based upon 
the oxidation of potassium iodide solu- 
tion, are believed to be reliable, further 
tests are planned to determine the speci- 
ficity of the instrument for ozone. 

Important to these studies were cigar- 
wrapper varieties of tobacco from the 
Connecticut Valley. One variety, desig- 
nated ““C” (7), is so susceptible to fleck 
that it cannot be grown for commercial 
tobacco production. A resistant variety 
is designated “B” (8). Early, medium, 
and late plantings of the cigar-wrapper 
varieties were made at Beltsville, both 
under a cloth shade tent and without a 
shade tent. During September and Oc- 
tober observations were made each day 
for the appearance of new fleck symp- 
toms, especially in the medium and late 
plantings. In the early planting, the fleck 
outbreaks in July and August resulted in 
lesions on 92 and 64 percent of leaves of 
varieties C and B, respectively. 

Studies conducted in California showed 
that tobacco was very sensitive to ozone, 
and the flecks produced by ozone were 
similar to naturally occurring fleck. The 
varieties susceptible and resistant to natu- 
rally occurring fleck showed 72.0 and 
17.5 percent, respectively, of leaves in- 
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Table 1. Accumulative injury from ozone fumigation on fleck-resistant and fleck-suscep- 
tible tobacco varieties, Riverside, California, 1958. 











Treatment Damage 
Index of 
Total leaves average leaf 
Date Hours Ozone (pphm) flecked (% ) injury 
per plant* 
B (fleck-resistant ) 
19 Aug. 6.5 21 2.5 0.0 
20 Aug. 6.5 26 3.0 0.0 
21 Aug. 6.0 29 7S 0.3 
C (fleck-susce ptible ) 
19 Aug. 6.5 21 46.0 0.8 
20 Aug. 6.5 26 62.5 1.3 
21 Aug. 6.0 29 72.0 S35 





* The injury to each leaf was rated from 1 to 10 (mild to severe) ; the index was obtained by dividing the 


total of the injury values by the number of leaves per plant. Data were taken 1 day after each fumigation 


date shown. 


Table 2. Ozone concentration for different dates in 1958 in tobacco-breeding plots, 


Beltsville, Maryland. 





Ozone concentration (pphm by volume) 





Total time Time maxi- ae : 
Av. 8-hr Range in 
Date above 20 mum value Av, 34h ate o6 kk esta 
hm (hr) was reached phe pial ase 
PP period (9a.M.to — ; — 
5 P.M.) Min. Max. 
23 Sept. 0.8 3:02 p.m. 4.5 12.4 0 31 
26 Sept 1.6* 9:55 A.M. 5.4 14.3 0.5 37 
8 Oct. 0.0 3:05 p.m. 1S 4.4 0 9 
9 Oct. $3 2:15 p.m. 6.0 16.9 0 38 
10 Oct. 1.4* 10:23 a.m. 5.9 12:1 0 50 
16 Oct. 1.8* 11:08 a.m. 6.0 EX? 0 


43 





* Total for two peak periods with values above 20 pphm; on 9 Oct. and 23 Sept. there was only one peak 


period on each date. 


jured after exposure to ozone concentra- 
tions of about 25 parts per 100 million 
(pphm) for about 6 hours on three con- 
secutive dates (Table 1). Results of fu- 
migation experiments indicate that the 
tobacco is relatively resistant to the re- 
action products of ozone and hydrocar- 
bons, the toxicants responsible for “smog 
damage.” Smog injury appears primarily 
on the lower leaf surface and can be dis- 
tinguished from injury caused by ozone, 
which appears on the upper leaf sur- 
face (3). 

At Beltsville on 15 September in the 
medium planting and on 10 October in 
the late planting there were outbreaks of 
fleck. The new lesions were confined to 
the upper leaf surface and had a water- 
soaked appearance at first. In about 48 
hours lesions changed from brown to 
white or gray, especially on the most 
vigorous plants. Peak levels of ozone oc- 
curred on the day before each outbreak. 
The concentration of ozone on 14 Sep- 
tember, determined from the cracking 
of rubber strips, was 2.2 times as high as 
the average for the 16-day period prior 
to that date. 

With the ozone recorder, highest val- 
ues were obtained in the middle of the 
day, and values were zero or very low 
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during the night and early morning hours 
(Table 2). On 8 October the daytime 
values also were relatively low and may 
be considered fairly typical of ozone con- 
centration for most days for which data 
are available. Data on ozone concentra- 
tion are also presented, in Table 2, for 
the five highest-value days. These were 
sunny, warm days with light winds. The 
highest average ozone value for the 
8-hour period 9 a.M. to 5 P.M. was re- 
corded on 9 October. On this date a max- 
imum of 38 pphm was reached at 2:15 
p.M., and concentrations ranged above 20 
pphm continuously for 3.3 hours. New 
fleck symptoms appeared on the morning 
of 10 October on about half of the leaves 
in a late planting of the susceptible va- 
riety C, both on those grown under the 
shade tent and on those grown without 
shade, but none were observed in a com- 
parable planting of the variety B. A 
small increase in fleck was detected also 
on 24 September and on 17 October but 
not on other dates. No new fleck symp- 
toms appeared over a 7-week period ex- 
cept after days with high ozone concen- 
tration, but some high-value days were 
not followed by the appearance of new 
fleck symptoms. 

Examination of ozone values and cor- 


relation of these with the appearance of 
symptoms suggest that a threshold value 
of approximately 20 pphm may be criti- 
cal for the development of fleck on va- 
riety C. Such values, perhaps, would 
need to be maintained for about 3 hours 
to produce easily recognizable new in- 
jury on this susceptible tobacco variety 
grown under conditions of culture such 
as those found at Beltsville in September 
and October 1958—months with rela- 
tively low rainfall. Higher maximum con- 
centrations than those on 9 October were 
recorded on 10 October (50 pphm) and 
16 October (43 pphm). On these days 
values above 20 pphm were observed 
for only 1.4 and 1.8 hours, respectively; 
these times represent a combination of 
two peak periods of relatively short dura- 
tion which occurred on each of these 
days (Table 2). 

The extent of increase in fleck injury 
following a day of high ozone concen- 
tration is determined in part by amounts 
of susceptible leaf tissue exposed—that 
is, there would be less damage after the 
second consecutive day with high values 
than if 2 high-value days were separated 
by a period of 2 weeks or more. This 
phenomenon would account for the rela- 
tively large increase in fleck symptoms 
on 15 September, as new fleck lesions 
did not appear during September prior 
to that date. 

Most folded leaves had very little or 
no fleck injury: beneath the folds. Tests 
of stomatal behavior based upon penetra- 
tion of 100-percent alcohol or benzene 
(9) gave evidence that stomata in the 
shaded portion of the leaf were closed 
during bright days. The difference in 
stomatal behavior during the day, when 
ozone was high, was sufficiently marked 
to suggest exclusion of air containing the 
toxicant, and prevention of injury 
thereby. Similarly, fleck did not develop 
after shading with strips of black paper 
in contact with the upper leaf surface. 
Fleck development was prevented also 
by application of lanolin to the lower leaf 
surface, where stomata are most numer- 
ous and active, or by the enclosure of 
leaves in polyethylene bags to exclude 
air with high concentrations of the toxi- 
cant. More extensive research on the re- 
lation of ozone to the tobacco leaf injury 
is anticipated next season. 

Howarp E. Heccestap 
Crops Research Division, 
U.S. Department of Agriculture, 
Plant Industry Station, 
Beltsville, Maryland 

Joun T. Mippteton 

Department of Plant Pathology, 
University of California, Riverside 
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Possible Biochemical Implications 
of the Crystal Structure of Biotin 


Abstract. An examination of the molec- 
ular architecture of biotin, as determined 
by x-ray crystallographic analysis, has in- 
dicated that biotin may be capable of 
forming an intramolecular hydrogen bond 
in solution. A review of various chemical 
analogs of the vitamin has shown a close 
correlation between the possibility of form- 
ing such a hydrogen bond and biotin-like 
activity. 


A recent x-ray analysis of the crystal 
structure of biotin (1) has established the 
stereochemistry of the molecule and, in 
particular, shown it to have the cis-cis 
configuration at the three asymmetric 
carbon atoms (Fig. 1). Indications that 
both the stereoisomerism (2) and the 
length of the aliphatic chain (3, 4) are 
specific for biological activity prompted 
a detailed examination of the molecular 
structure, in the hope that this might 
throw some light on the mode of action 
of the vitamin. 

An accurate scale model of the biotin 
structure and—for comparison—analo- 
gous models incorporating the alternative 
configurations at the asymmetric centers 
and aliphatic chains of several different 
lengths were constructed. Though the 
ring portions of the models were rigid, 
flexibility was allowed in the construc- 
tion of the side chains so that the effects 
of rotation about carbon-carbon single 
bonds might be examined. 

While in general the various inter- 
atomic distances and angles of the biotin 
molecule conform with those found in 


HN+ NH 


* * 


HC; - 


| 
* 
H.C }CHCHyCHyCHyCH.C 
2 ce ed fo a u“ 2 a 2 a3 sein 
s OH 


Fig. 1. Structural formula of biotin (atoms 
numbered arbitrarily). 
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similar structures, there are some unusual 
features near the junction of the ring 
and chain portions of the molecule. 
There is a particularly short separation 

2.8 A) between atoms C,, and N,, and 
a C,-C,-C,, angle of 119°. This un- 
usually large angle, which is presumably 
the result of repulsion between C,, and 
N-, would appear to facilitate rotation 
in solution about the C,—C,, single bond, 
which would otherwise be restricted by 
steric hindrance. When the ring and 
chain portions of the biotin model were 
folded together, by a rotation about the 
C,-C,, bond, it was found that the 
chemically reactive centers in the ureido 
ring system and the carboxyl group could 
approach each other closely, while Van 
der Waal’s distances of separation were 
maintained between the other atoms of 
the chain and the ring system. In par- 
ticular it was found that such a folding, 
together with only small rotations about 
other single bonds in the chain, would 
enable the structure to meet the rather 
stringent physical requirements for hy- 
drogen bonding between O, and one of 
the carboxyl oxygen atoms (Fig. 2) (5). 

A study of the various other models 
indicated that the short C,,.—-N, separa- 
tion in biotin (and presumably the large 
C,-C,-C,, angle) is a direct conse- 
quence of the cis-cis configuration. 
Furthermore, none of the three stereoiso- 
mers of biotin, or molecules with differ- 
ent chain lengths, appear to be capable 
of forming an intramolecular hydrogen 
bond, the possibility of which depends 
critically on both the steric configuration 
and the chain length. 

Supporting evidence for the implica- 
tion of this type of hydrogen bonding in 
the biological function of the vitamin ap- 
pears to be provided by studies of the 
biotin-like properties of several dozen 
chemical analogs of the vitamin. These 
studies have indicated a high degree of 
biological specificity for the structure of 
biotin, not only with regard to the steric 
configuration (2) and the length of the 
aliphatic chain (3, 4), but also with re- 
gard to the ureido ring system (6) and 
the presence of an oxygen atom at the 
position of the carboxyl group (4). 
However, it is possible to modify the 
ring containing the sulfur atom (7) and 
to prepare amides and amino acid deriva- 
tives of biotin (8)—neither of which 
need necessarily prevent intramolecular 
hydrogen bonding—without destroying 
the biological activity. 

It is not quite clear how the formation 
of an intramolecular hydrogen bond 
would affect the chemical reactivity of 
the molecule. In aqueous solution such a 
hydrogen bond would presumably be un- 
stable, allowing the biotin molecule to 
alternate between two different states. 
The formation of the hydrogen bond 
might be expected to alter the charge 





Fig. 2. Possible mode of intramolecular 
hydrogen bonding in biotin: Os lies in the 
plane of the ureido ring system; Os lies in 
the plane of the carboxyl group; the dis- 
tance O.e—O5c is about 2.6 A, and all the 
other distances between atoms of the chain 
and those of the ring system (except 
N;-Cio) are greater than 3.4 A. Angles 
Cius-Ore-On and Cs-Ov-Ore are both about 
120°; 


distribution in the ureido ring system and 
to displace the keto-enol equilibrium to 
enol, resulting in a change of chemical 
reactivity at the nitrogen atoms, or a 
system of hydrogen transport along the 
lines suggested by Lichstein (9), whereby 
the substrate may donate a proton at one 
point and accept one at another during 
a keto-enol transition (10). 

W. Traus* 
Birkbeck College Crystallography 
Laboratory, University of London, 
London, England 
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Enhancement by Inositol 
of the Nodulation of 
Isolated Bean Roots 


Abstract. The percentage of isolated 
bean roots nodulated and the number of 
nodules per root were increased by the 
addition of mesoinositol to the agar me- 
dium into which the bases of bean roots 
were inserted. The following were without 
marked effect: glycine, thiamine, pyro- 
doxine, niacin, indoleacetic acid, gibberel- 
lic acid, kinetin, adenine, adenosinetri- 
phosphate, biotin, riboflavin, calcium 
pantothenate, and folic acid. 


With a modified method of aseptic iso- 
lated root culture (1) it has been pos- 
sible to obtain rather widely fluctuating 
percentages of nodulated roots (averag- 
ing 50 percent) with 1.9 to 3.3 nodules 
per nodulated root (2). The object of 
the experiments reported here was to in- 
crease nodulation and to improve the 
consistency of the results, with the final 
aim of gaining a better understanding of 
the factors involved in nodule formation. 

Isolated roots of Phaseolus vulgaris L., 
var. Pencil Pod, black wax bean were 
grown and inoculated as_ described 
earlier (2), except that three roots in- 
stead of one were grown per Petri dish. 
Each dish carried three agar-containing 
vials and 50 g of washed silica sand 
moistened with 10 ml of the inorganic 
salts of medium “0” (2). The cut end 
of each root was inserted into the agar 
medium in a 12 by 35-mm shell vial, and 
the vial was laid on its side in the Petri 
dish. The vials contained a basal medium 
consisting of 10 percent sucrose and gly- 
cine, thiamine, pyridoxine, and niacin at 
the levels indicated for the organic con- 
stituents of medium “0,” or 20 times 
higher. Thus, the roots were nourished 
by the inorganic salts medium in the 
sand and by other materials furnished 
from the base of the root in contact with 
the agar. The roots were maintained in 
the dark at 26°C. Fifteen to 20 days 
after inoculation with a mixture of the 
Nitragin Company’s strains 316C11, 
316C13, and 3I16C17 of Rhizobium 
phaseoli Dangeard, the roots were ex- 
amined for nodules. 

Experiments were run in which the 
medium in the vials was altered to deter- 
mine the inference on nodulation. When 
glycine, thiamine, pyridoxine, and niacin 
were increased to a level 20 times higher 
than that in medium “0,” no significant 
increase in nodulation occurred. Similar 
negative results were obtained with in- 
doleacetic acid (10-1°M) and gibberellic 
acid (50 and 250 mg/lit.). 

Since nodulation was enhanced by the 
addition of a mixture of Ca(NO,),° 
4H,O (300 mg/lit.), KNO, (80 mg/ 
lit.), kinetin (0.05 mg/lit.), d-biotin 
(0.05 mg/lit.), riboflavin (0.05 mg/lit.), 
folic acid (0.5 mg/lit.), calcium panto- 
thenate (5 mg/lit.), and mesoinositol 
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(100 mg/lit.), the effects of the nitrates 
of kinetin, and of the five vitamins were 
tested separately. The results presented 
in Tables 1 and 2 indicate that kinetin 
did not enhance nodulation—a result 
confirmed by other experiments (not 
shown in the tables) in which this sub- 
stance was inactive at concentrations of 
0.025, 0.05, 0.1, and 0.5 mg/lit., either 
by itself or in combination with adenine 

10 mg/lit.), or sodium adenosinetri- 
phosphate (100 mg/lit.). On the other 
hand, the results shown in Tables 1 and 
2 indicate enhancement by nitrate and 
by the vitamin mixture; Tables 2 and 3 
show that the effect of the vitamin mix- 
ture can be attributed to mesoinositol. 

The results obtained with nitrate con- 
firm and extend previous work (2) which 
showed that nitrate, while inhibitory 
when added to the medium in the dish, 
did not inhibit nodulation if it was in- 
cluded with the nutrients supplied in the 
vial. It is interesting to note that the 
beneficial effect of nitrate apparently 
does not depend merely on the amount 
of nitrogen added (43 mg/lit.), for no 


effect was obtained by increasing glycine 
20 times (an increase of 56 mg of N per 
liter). On the other hand, it seems im- 
probable that the effect can be attributed 
to the cations Ca and K, for both are 
abundant in the inorganic medium. Al- 
though this point needs further clarifica- 
tion, it seems that the stimulation noted 
results from better utilization of nitrate 
than of glycine. 

The striking promotion of nodulation 
by mesoinositol was unexpected, for 
mesoinositol has never been associated 
with nodule formation or function. Fur- 
thermore, it apparently is not required 
by the rhizobia. It is included in several 
vitamin mixtures used in plant tissue cul- 
tures (3), but its specific role in such 
mixtures has received little study. Jac- 
quiot (4) found that it favors bud for- 
mation by elm cambial tissue, and there 
are several reports of its effect on cell 
division [see, for example (5)]. While 
the present experiments were in prog- 
ress, Braun (6) reported that fully al- 
tered plant tumor tissue will grow in 
White’s basal culture medium but that 


Table 1. Effect of omitting one component at a time from the basal medium supple- 
mented with nitrate, kinetin, and the mixture of five vitamins. Columns A, percentage 


of roots nodulated ; columns B, mean number of nodules per nodulated root. 





Complete mixture ——— — 





Complete mixture 











Expt. Minus nitrate Minus kinetin Minus vitamins 
A B A B A B A B 
1 71 5.5 53 os 69 6.6 43 3.9 
2 65 8.8 65 79 65 8.1 59 3.9 
3 77 9.0 64 7.0 
+ 88 10.0 





Table 2. Effect of omitting one vitamin at a time from the basal medium supplemented 
with the other four vitamins and nitrate. Columns A, percentage of roots nodulated; 
columns B, mean number of nodules per nodulated root. 














= Complete mixture 
rete noun basal Serger. uz: Minus Minus Minus 
Expt. medium + nitrate jee ae ——. — =e Ca pan- ‘folic 
+ vitamins flavin tothenate acid 
A B A B A B A B A B A B A B A B 





5 88 10.0 77 66 
6 @ 36 & 54. & 86 8 4.9 


92 106 87 3+ SM BO? &@ oa 
93 $68.6 ws ©@_ BRIS 9.1 





Table 3. Effect of adding each one of the vitamins to the basal medium supplemented 
with nitrate. Columns A, percentage of roots nodulated; columns B, mean number of 


nodules per nodulated root. 





Basal medium supplemented with nitrate 








Plus Plus Plus 
Expt. : Plus Pius ribo- Ca pan- folic 
inositol biotin flavin tothenate acid 

A B A B A B A B A B 





7 84 9.5 73 5.8 73 


5.2 70 6.6 67 4.5 
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cells with lesser degrees of neoplastic 
change have more complex requirements, 
mesoinositol being prominent among the 
required components. 

An evaluation of the significance of the 
present findings regarding the promotion 
of nodulation by mesoinositol must await 
further experimentation (7). 
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Micvet Raccio* 
R. H. Burris 
Department of Biochemistry, 
College of Agriculture, 
University of Wisconsin, Madison 


References and Notes 


1. M. Raggio and N. Raggio, Physiol. Plantarum 

9, 466 (1956). 

M. Raggio, N. Raggio, J. G. Torrey, Am. J. 

Botany 44, 325 (1957). 

3. R. J. Gautheret, Ann. Rev. Plant Physiol. 6, 
433 (1955). 

. C. Jacquiot, Compt. rend. 233, 815 (1951). 

. A. K. Sharma and B. Bhattacharyya, Fyton 7, 
15 (1956). 

6. A. C. Braun, Proc. Natl. Acad. Sci. U.S. 44, 
344 (1958). 

7. This investigation is published with the ap- 

proval of the director of the Wisconsin Agri- 

cultural Experiment Station. It was supported 

in part by a grant from the Rockefeller Foun- 

dation. 

Present address: Instituto para Investigaciones 

Cientificas y Tecnolégicas, Gaspar Campos 841, 

Vicente Lépez, FNGBM, Argentina.. 


5 August 1958 


nm 


on 


nm 
ur 


Fibrillation and Potassium Influx 


Abstract. Absolute influx and efflux of 
potassium-42 have been measured in iso- 
lated rabbit atria during acetylcholine-in- 
duced fibrillation. The efflux of potassium 
was increased three to four times; influx 
was not changed. The data are interpreted 
as indicating that an inhibition of active K 
uptake is not involved in the initiation of 
fibrillation, and that the process results 
from a marked increase in Na permea- 
bility. 

Fibrillation has been induced by stimu- 
lating, at high frequency, isolated rabbit 
atria suspended in low potassium (K) 
media (/) in the presence of acetylcho- 
line. Ion-exchange studies revealed that 
fibrillation began when the rate of net 
loss of K and gain of sodium (Na) ex- 
ceeded critical values (2). Isotope inves- 
tigations showed that with the onset of 
fibrillation the efflux of K reached a rate 
three to four times that of the spontane- 


ously beating preparation (3). Net losses 
occurring under the conditions of the 
experiment prevented an accurate deter- 
mination of influx. Therefore, we were 
unable to ascertain the nature of the per- 
meability change involved in the process. 

Recently a method has been devised 
(4) which permits an estimation of K4? 
influx with the onset of fibrillation. Ab- 
solute rates of influx were calculated by 
methods described by Keynes and Lewis 
(5). Influx is given by the product of 
the initial rate of entry of K*4? to the 
tissue, the sensitivity of the counter, and 
the volume-to-surface-area ratio of the 
atrial fibers (6). The initial rate of entry 
can be obtained from the following rela- 


tion: 
2) =< (<a) 
dt}Jt-0. T\1-e7*t 


where Y is counts in the tissue after time 
T and k is the specific transfer coefficient 
obtained from efflux. During fibrillation, 
k was estimated to be of the order of 7.5 
to 8.0 x 10-* sec"? (3). 

Table 1 is a summary of our findings. 
First, it should be noted that acetylcho- 
line increases both efflux and influx of K, 
whereas during fibrillation only an in- 
crease in efflux is obtained. Influx re- 
mains essentially unchanged. Thus, the 
changes induced by acetylcholine result 
from an increase in membrane permea- 
bility to K, while those that occur during 
fibrillation cannot be so interpreted. Ear- 
lier studies on the effects of temperature 
on efflux during fibrillation and acetylcho- 
line treatment also suggested that dif- 
ferent mechanisms were involved (7). A 
marked increase in Na permeability will 
explain the findings during fibrillation: 
Potassium leaves the tissue in exchange 
for sodium. This is in keeping with an 
earlier finding that the rate of entry of 
Na** to atria was markedly increased 
(15 to 20 times) during the arrhythmia 
(7). These data suggested that the quan- 
tity of Na entering the tissue exceeded 
that of K which was lost. This would 
indicate that there was a sudden release 
of an anion in the tissue or, more prob- 
ably, that membrane permeability to 
chloride is increased. 

It should be noted that the mechan- 
ism proposed for the permeability change 
accompanying the onset of fibrillation is 


Table 1. Effects of acetylcholine and fibrillation on the transmembrane flux of potassium. 
Fibrillation was induced by stimulating at 1200 count/min for 1 min. Atria were sus- 
pended in Ringer’s solution containing 1.35 mmole of K* in the presence of acetylcholine 


(6.4 x 10°* mole). 





Absolute flux (pmole cm™ sec”) 








No. of E * 
observations 2 sata Silas Efflux 
8 Control 1,15 +.08 4324.14 — 
10 5 min after addition of acetylcholine 
(6.4 x 10-° mole) 2.22 +.13 7.88 + .62 
5 5 min after onset of fibrillation 1.20% 11 12.7 +.48 








similar to that postulated for excitation 
and conduction in nerve (8) but differs 
in that K permeability is not increased. 
This is probably one of the factors re- 
sponsible for the observed differences be- 
tween the electrical properties of heart 
muscle and nerve (9). 

Finally, it should be pointed out that 
the normal or slightly increased rate of 
influx during the early phases of fibrilla- 
tion indicates that a depression of active 
transport is not a factor in the initiation 
of the arrhythmia, as was recently sug- 
gested by Goodford (10). 

W. C. HoLttanp 
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Failure of Nicotine to Affect 
Development of Offspring When 
Administered to Pregnant Rats 


Abstract. Administration of nicotine to 
rats at any point in pregnancy has no ap- 
parent effect upon completion or duration 
of pregnancy, or upon body development, 
litter size, weight, or mortality of offspring. 
These results differ sharply from the effects 
in mice reported by others. The possible 
etiologic significance of anoxia in the mal- 
formations reported in mice is discussed. 


Nishimura and Nakai recently re- 
ported (1) the development of a variety 
of skeletal anomalies, predominantly of 
the limbs, in the offspring (sacrificed 
at term, or examined at midpregnancy) 
of mice injected with a 0.1-percent aque- 
ous solution of nicotine (0.025 mg/g) 
sometime between the 5th and 15th days 
of pregnancy. The percentage of con- 
genital malformations, the number of 
pregnancies undergoing complete re- 
sorption, and the lethal effects of the 
drug upon the embryo were greatest 
when the drug was administered daily on 
days 9, 10, and 11 of pregnancy, although 
any or all of these effects could be pro- 
duced, though to a considerably lesser 
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extent, by giving nicotine on any of the 
other days of pregnancy covered in the 
study. Litter size of mice whose preg- 
nancies did not end in total resorption 
was found to be significantly different 
from that of the normal controls, though 
the average weight of such survivors, at 
birth, was relatively normal. Because the 
results in this laboratory differed mark- 
edly from those of Nishimura and Nakai 
just noted, I thought it appropriate at 
this time to report our experience with 
the use of nicotine as a potential terato- 
genic agent in the pregnant rat (2). 

Rats from our stock colony (said to 
originate from Sherman strain and arbi- 
trarily bred as a closed colony for at 
least 15 generations), raised on a stand- 
ard Rockland Farms pellet ration, were 
mated between 4:30 and 5:00 each eve- 
ning. The presence of sperm in the va- 
gina (which was examined between 9:00 
and 10:00 the following morning) was 
taken as presumptive evidence of preg- 
nancy, and the morning of the positive 
smear was counted as the first day of 
pregnancy. Rats were injected subcuta- 
neously, for 4 days, on the 9th, 10th, 11th, 
and 12th days of pregnancy, or daily for 
the first 20 days of pregnancy, with either 
1.5 mg or 4.5 mg of nicotine per kilo- 
gram. A 0.1-percent aqueous solution of 
the chemically pure liquid alkaloid base 
(Fisher) was used for all dosages. 

Preliminary findings indicated that a 
dose of 1.5 mg/kg would avoid the 
possibly complicating factor of convul- 
sion in almost 100 percent of the injec- 
tions but that this dose was nevertheless 
sufficiently effective to result in a gradu- 
ally increasing flaccid paralysis (most ap- 
parent in the rear limbs), abolition of the 
placing reactions, and increase in rate of 
respiration. A dose of 4.5 mg/kg quickly 
resulted in loss of locomotor ability and 
in profoundly altered respiration. Mild 
clonic activity of the limbs, together with 
concave arching of the back and total- 
body spasms, was noted in approximately 
30 percent of the injections. No deaths 
resulted from either dosage. 

All animals were observed throughout 
pregnancy, and daily weights were taken 
in order to detect possible alterations in 
the course of pregnancy. Litters were 
carefully examined and weighed as soon 
after birth as possible. As controls for the 
treated animals, a small group of preg- 
nant rats injected with saline (see Table 
1) was run, and the offspring were ex- 
amined similarly. Moreover, colony rec- 
ords of length of pregnancy, number of 
living and dead offspring in litter at 
birth, and weight at birth provided an 
essential background against which to 
evaluate these factors in the experimen- 
tal litters. 

Table 1 summarizes the effects of nico- 
tine in the experimental and control 
groups. None of the nicotine treatments, 
regardless of dosage or of period of preg- 
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Table 1. Effects of nicotine, administered subcutaneously to pregnant rats, on 
of pregnancy and upon offspring examined at birth. 


outcome 








Total 





: Total Distri- . 
Treatment = No. of Av. length No. se ag bution Av. No. of Av. we of 
‘ ’ : off- offspring living 
(dosage and days fac females of ges- of enite of (li d fispri 
of pregnancy . deliver- tation off- ee dead eee, ee 
re" males *~. re a * dead dead) per at birth 
when injected) treated St (day){ spring a by littert (g) 28 
Orn birth+§ litter|| 5 S)+ 
1.5 mg/kg (9-12 days) 36  34(94.4) 22.8+0.11 338 16(4.7) 3,3,4,3,2,1 10.2+0.35 5.3+0.08 
1.5 mg/kg (1-20 days) 12  11(91.7) 22.5+0.02 116 1(0.9) 1 10.5+0.56 5.2+0.16 
4.5 mg/kg (9-12 days) 7 5(71.4) 22.2+0.20 52 1(1.9) 1 10.4+0.59 5.2+0.28 
Saline controls# 7 5(71.4) 22.6+0.25 56 0(0) 0 11.2+0.58 5.3+0.29 
Colony record controls 56/68 
(82.4)** 22.84+0.18 545 28(5.1) 3,1,3,3,1, 984043 5540.14 
re & eM [* 
44,1 





* Rats which failed to deliver in these groups did not 





give any indication of pregnancy in terms of daily 


weight gain. Lack of pregnancy was confirmed by post-mortem examination of ovaries and uterus, 15 to 


20 days after insemination. 

+ Percentage in parentheses. 

t Standard error of the mean. 

§ The term at birth refers to a period ranging from 


direct observation of offspring being delivered to as 


much as one-half day thereafter. In all cases weights were taken after the babies had an opportunity to 
suckle. The distribution of periods at which postnatal observations were first made did not differ signifi- 


cantly among the groups. 


|| Each entry represents the number of offspring dead in a single litter. 
# Volumes injected equivalent to those used in 4.5 mg/kg group. 
** The denominator represents the last 68 females mated, of which 56 delivered litters. The failure of 


approximately one of every five inseminated females 
our long-term experience with the colony. 
++ Based on 56 offspring from 6 litters. 


nancy covered, had an adverse effect 
upon litter size, weight of young at birth, 
or number of offspring dead at birth. In 
all cases the dead offspring appeared to 
be full-term animals, and their well-pre- 
served condition suggested that death 
had occurred in the immediate perinatal 
period. In no instance was there a case of 
pregnancy undergoing complete resorp- 
tion or, to judge by litter size at birth, 
any indication of a lethal effect of nico- 
tine upon embryo or fetus. Duration of 
pregnancy was normal in every experi- 
mental animal. 

In further contrast to the report of 
Nishimura and Nakai, not a single animal 
(of a total of 506 offspring) in any ex- 
perimental series was found, on systema- 
tic gross examination at birth, to display 
any type of malformation. Post-mortem 
examination of animals dead at birth 
also failed to reveal evidence of congeni- 
tal defect. It is not impossible that con- 
tinued observation of the young after 
birth might reveal deficiencies in growth 
and development (3) or the presence of 
other defects—for example, decreased 
fertility (4). Detailed study of the off- 
spring during growth, plus systematic 
post-mortem examination for the pres- 
ence of malformations, is, however, still 
lacking. 

The sharp difference between total 
absence of skeletal malformations at 
birth in our rats, as compared with the 
findings of Nishimura and Nakai in mice, 
may represent a striking species differ- 
ence in response to the teratogenic po- 
tency of nicotine. Other than this, a pos- 
sible basis for our results may be sought 
in the difference in dosage of drug used. 
The dose employed by the Japanese 
workers would amount to 25 mg/kg, or 


to become pregnant represents a reliable estimate of 


approximately six to 17 times the dose 
used by us. Doses based on those of 
Nishimura and Nakai with mice would, 
in our animals, uniformly produce severe 
convulsions, which, according to our ex- 
perience, would be fatal in the majority 
of cases. In itself this suggests an inter- 
esting species difference in the maternal 
animal’s tolerance for nicotine, though it 
does not clarify the basis for the differ- 
ence in effects upon the fetus. 

Nishimura and Nakai believe the mal- 
formations they find can be ascribed to 
the direct action of nicotine upon em- 
bryonic cells. In view of the known cardi- 
ovascular responses to nicotine, coupled 
with its curariform effect upon the mus- 
cles of respiration (as well as its depres- 
sive action on medullary respiratory cen- 
ters), the possible role of anoxia in the 
production of these malformations also 
must be considered. Ingalls and his co- 
workers (5) have shown that exposure of 
the pregnant mouse to different degrees 
of frank anoxia, at various stages of 
gestation, results in a continuum of dam- 
age to the conceptus ranging from total 
resorption to anomalies present at birth. 
The latter involve not only striking de- 
fects of the nervous system but also clear 
abnormalities of the skeletal structure, in- 
cluding cleft palate and malformed ver- 
tebrae and ribs. 

Whatever the intervening mecha- 
nism or mechanisms in the production 
of congenital malformations may be, it 
appears that large quantities of any of 
a wide variety of agents (6) admin- 
istered to the maternal animal at par- 
ticular stages of pregnancy, will fre- 
quently result in either the death of the 
conceptus or in defects present in the off- 
spring at birth. The nature of these de- 
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fects in many instances does not appear 
to be specific for the agent used but may 
be more clearly related to the intensity of 
the treatment and the period of preg- 
nancy at which it is given, as well as to 
the interplay of these factors with genetic 
determinants in the developing organism 
4) 

Lester M. GELLER 
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Alginase in the Sea Urchin 
Strongylocentrotus purpuratus 


Abstract. Viscosimetric evidence of al- 
ginase activity is given for the intestine 
and the intestinal contents of a sea urchin. 
The alginase activity of the gut wall and 
that of the contents of the gut differ in 
pH optima; this suggests that there may 
be two sources of alginase. The enzyme 
(or enzymes) depolymerizes algin. 

Alginase may be a common digestive 
enzyme in invertebrates which feed upon 
brown algae. The presence of the enzyme 
has been noted in intestinal extracts of 
an abalone, Haliotus giganteus, and a sea 
urchin, Sphaerechinus pulcherissima (1), 
and in a sea hare, Aplysia punctata (2). 

The alginase from Haliotus (2), like 
that of certain bacteria (3), appears to 
hydrolyze algin to free mannuronic acid, 
after a period of incubation. As with 
pectic-acid hydrolysis by pectin-polyga- 
lacturonase (4), the viscosity of the algin 
solution is much reduced before meas- 
urable reducing sugar appears (2). By 
analogy with the nomenclature of pectic 
enzymes (4), this alginase may be termed 
algin-polymannuronase. 

In Cryptochiton stelleri (5) and in the 
sea urchin Strongylocentrotus purpuratus, 
alginase activity has not yet been dem- 
onstrated by the appearance of reducing 
sugar, in tests in which the Somogyi- 
Nelson reagents are used (6). However, 
we have found that intestinal extracts of 
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the sea tirchin very quickly reduce the 
viscosity of algin solutions. 

The presence of an alginase in marine 
animals and production of this enzyme 
by marine decomposing microorganisms 
may have considerable ecological signifi- 
cance in the economy of the intertidal 
and subtidal zones. Waksman e¢ al, claim 
that bacteria are most important in algin 
decomposition and assign a negligible 
role to marine fungi (7). 

A further importance of alginase may 
lie in its use in clarifying the structure 
of algin, which is known to be a linear 
polymer of mannuronic acid, although 
details of the structure are still not fully 
known (8). Miwa (2) used the enzyme 
from Haliotus in a siudy of the anatomy 
of brown algae. 

Because algin is a major constituent 
of brown algae, which, at times, make up 
a large portion of the diet of S$. purpur- 
atus, our purpose was to examine this 
animal for the existence of an alginase 
and to determine whether such an en- 
zyme is active at the reported pH of the 
gut. 

Crude enzyme preparations were ob- 
tained from (i) whole gut plus gut con- 
tents; (ii) the gut wall, washed five 
times with sterile sea water; (iii) the 
liquid gut contents; and (iv) the solid 
contents of the gut (in this case mostly 
coralline red algae). The filtered gut 
liquid contents were used directly. The 
other preparations were ground in a mor- 
tar with cold 0.5M tris buffer (tris-hy- 
droxymethylaminomethane) at pH 7.5, 
then filtered through Whatman No. 1 
and No. 42 filter papers before use. 

These extracts were mixed with ap- 
proximately 0.1 percent of sodium algi- 
nate (9), and subsequent changes in vis- 
cosity were followed by means of a 
rolling ball (Hoeppler type) viscosime- 
ter. Decrease in viscosity was taken as 
evidence for digestion of the algin (2). 

For the determination of activity with 
varying pH, tissues were ground in dis- 
tilled water and filtered as before, then 
mixed with alginate made up in the ap- 
propriate buffer. Variation in the initial 
algin viscosity, especially marked in 
Mcllvaine’s buffers, was corrected for in 
the activity determinations. The digestion 
experiments never exceeded 4 hours’ 
duration, and no preservative was used. 

Potassium oxalate (final concentra- 
tion 0.03 percent) was added to the gut 
liquid and gut solids extracts to eliminate 
the effects of calcium salts (from the 
coralline red algae) on the viscosity of 
the algin solutions. The same amount of 
oxalate, added to extracts low in cal- 
cium, was without effect on the enzyme 
activity. 

Tests for reducing-sugar production 
during the reaction period were made 
by the Somogyi-Nelson method (6). 
Tests for mannuronic acid were made on 
aliquots, after precipitation of poly- 





uronides with 10 percent calcium chlo- 
ride, in a naphthoresorcinol test (10). 

All of the extracts appeared to contain 
an enzyme or enzymes capable of digest- 
ing algin. At the same time, no increase 
in reducing sugar could be demonstrated, 
nor did any calcium-soluble, naphtho- 
resorcinol-positive products appear. Only 
the marked decreases in viscosity ob- 
served indicated that digestion had oc- 
curred. Again, by analogy with pectic 
enzyme nomenclature, this alginase may 
be called an algin depolymerase. 
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Fig. 1. Reduction in viscosity of sodium 
alginate solution in the presence of algi- 
nase extracts from the sea urchin Stron- 
gylocentrotus purpuratus. Relative viscos- 
ity= (100 minus percentage of viscosity 
change). Reaction mixtures contained: 
(i) gut fluid, gut solids, and gut wall; 
(ii) 3 ml of extract, 14 ml of 0.1-percent 
sodium alginate, and lyophilized gut wall 
and contents; (iii) 10 ml of extract, 20 
ml of sodium alginate. 





CHANGE IN VISCOSITY 


30 } . 
| 

20+ . \ 

aad . 

& : 

10 p e \ 
| . . 

Fd Pe ec ae EEN 
4 5 ? 8 3 Te 

pH 


Fig. 2. Activity-pH curves for S. purpura- 
tus gut wall and gut contents (squares) 
and gut wall (circles). Tris buffer was 
used for pH 7.5 and above; Mcllvaine’s 
buffer, for pH 7.5 and below. Reaction 
mixtures contained: (i) gut wall and gut 
contents; (ii) 4 ml of enzyme preparation, 
5 ml of buffer, 10 ml of 0.1-percent sodium 
alginate, gut wall; (iii) 1.5 ml of enzyme 
preparation, 5 ml of buffer, 11 ml of so- 
dium alginate. Reaction period, 30 min. 
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The gut wall was less active than were 
the liquid contents, the gut solid ex- 
tracts, or the combined gut contents and 
gut wall, containing approximately the 
same concentration of homogenate. The 
most rapid digestion of algin occurred 
with a lyophilized gut-wall-plus-gut-con- 
tents preparation. This extract decreased 
the viscosity of the polysaccharide by 
more than one-half in 7! min, and the 
reduction in viscosity was complete in 
50 min (Fig. 1). 

Figure 2 shows the pH activity curve 
for the alginase of the gut wall compared 
with that of the pooled gut wall and gut 
contents. Although both have optima in 
the range of the intestinal pH (7.2 to 
7.3) (11), the alginase from the gut wall 
has an additional optimum toward pH 4 
(pH values below 4 were not used be- 
cause of the increase in algin viscosity 
at low pH). 

Different pH activity curves, obtained 
for the alginase of the gut wall and of 
the gut contents, respectively, suggest 
that there may be two alginases involved. 
Because the gut contents of this animal 
are known to contain microorganisms 
capable of degrading whole brown algal 
blades (5), it is possible that these may 
be a source of alginase in the gut. On 
the other hand, precursors of alginase in 
the gut wall could contribute to the al- 
ginase found in the gut contents. Clari- 
fication of the role of intestinal bacteria 
in algin digestion by Strongylocentrotus 
purpuratus is needed. It would also be 
of interest to characterize the products 
of algin digestion by these preparations 
and to determine their usefulness to the 
sea urchin, 

RicHarp W. Eppiey 
Department of Biology, 
University of Southern California, 
Los Angeles 
RevuBEN LAsKER* 
Life Sciences Division, 
Compton College, Compton, California 
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Functional Hermaphroditism 
and Self-fertilization 
in a Serranid Fish 


Abstract. Each mature individual of 
Serranellus subligarius, regardless of size, 
has at the same time both motile sperm 
and eggs. Embryos and larvae were pro- 
duced from artificial fertilizations and 
from isolated fish kept in aquaria. Mating 
behavior of pairs and groups of herma- 
phrodites shows two types of behavioral 
patterns involving different color changes. 


Although teratological hermaphrodit- 
ism has been reported in a wide variety 
of teleosts, only two groups, the serranids 
and the sparids, have been seriously con- 
sidered to have members which are regu- 
larly and functionally hermaphroditic. 
Evidence for this has been based on 
purely anatomical and similar evidence. 
A recent review of his situation is given 
by Bertin (1). The present report pre- 
sents data on the reproductive behavior, 
including self-fertilization, of the ser- 
ranid Serranellus subligarius (Cope) 
(2). Such observations were possible be- 
cause this species is small enough to be 
kept conveniently in the usual laboratory 
aquaria. 

During July, August, and early Sep- 
tember of 1958, all of the mature indi- 
viduals of this species appeared to have 
slightly to greatly distended abdomens. 
They are common in depths of from 8 to 
65 ft on rocky bottoms in areas of the 
Gulf of Mexico near the Cape Haze 
Marine Laboratory, off Sarasota and 
Madeira Beach, Florida, where I have 
observed thousands of these fish while 
skin diving. Over two hundred specimens 
have been collected by steering them into 
glass jars by hand (3). Individuals over 
28 mm in standard length which were 
examined had sizable ovaries with a thin 
winding patch of white tissue, on the 
ventral surface, from which motile sperm 
smears can be made. Within 1 or 2 days 
after they have been collected, greatly 
distended individuals can be made to re- 
lease quantities of mature sperm and 
hundreds of ovulated eggs simultaneously 
by means of very slight pressure on the 
abdomen. If this pressure is applied while 
the genital area of the fish is being viewed 
under a dissecting scope it can be seen 
clearly that the eggs are released from a 
separate exit of the oviduct into a small 
vestibule under a flap with a bilobed 
edge, just posterior to the anus. Poste- 
rior to the exit for the ova is a pigmented 
genital papilla which erects slightly when 
sperm is released from a small opening at 
the tip of the papilla. A clear fluid is 
sometimes released with the cloud of 
sperm. Eggs have been artificially fertil- 
ized by sperm from the same individual 
by washing both eggs and sperm from the 
genital area into a fingerbowl with sea 
water. Ovulated eggs in good condition 
taken from live or recently dead fish are 


readily fertilized by sperm from the same 
or another fish. 

In cases of both self- and cross- artifi- 
cial fertilizations, embryonic develop- 
ment has been followed through to the 
hatching of the larvae (18 to 22 hours 
at 82 to 88°F). The egg is buoyant and 
nonadhesive and has a single oil drop. 
The developing embryo and _ newly 
hatched larva have a distinctive set of 
round dark pigmented areas (two on the 
head, two just anterior to the anus, and 
four forming a ring around the tail, half- 
way along its length). 

I have observed spawning activity 
in nature while diving with an Aqua- 
lung, and also in laboratory aquaria. 
Studies so far indicate that spawn- 
ing activity usually takes place be- 
tween two individuals in the late after- 
noon between 4 and 7 p.m. It seems to 
be initiated by a fish with a distended 
abdomen, who puts its body into an “S” 
curve, spreading its fins and sometimes 
quivering in this position directly before 
or near the head end of another fish. 
During S-curving the white area of the 
abdominal region stands out conspicu- 
ously. The other fish may be obviously 
carrying ripe ova as well as sperm, or it 
may be comparatively slim, carrying only 
immature ova but with sperm which can 
be squeezed out easily. A fish with only 
mature sperm will often ignore an S-curv- 
ing fish or nip it and show aggressive be- 
havior toward it. In other cases it will 
start to follow an S-curving fish until 
both fish are swimming with slow jerky 
movements, often upwards to the surface 
of the aquarium, and the pairing fish 
may separate momentarily or for long 
periods after a splash at the surface. In 
nature, however, the fish stayed within 
a few inches of the bottom on the occa- 
sions when they showed spawning be- 
havior. The fish that is following often 
touches with its mouth the dorsal region 
of the S-curving fish, or it may follow 
from below and gently mouth the ab- 
dominal region. Sometimes the S-curv- 
ing fish will lie down on its side with 
the other fish curved over it. 

As S-curving activity becomes more 
marked, being repeated at more fre- 
quent intervals, and while the fish are 
close together, there is a noticeable color- 
pattern change in the S-curving fish. The 
fish blanches, the usual dark vertical 
bands on the sides of the body completely 
disappear, and the large black spot at the 
base of the dorsal fin suddenly turns pale 
gray. In addition, the evenly rounded 
profile of the abdomen changes, and the 
front half is pulled up flatter while the 
posterior part of the abdomen is lowered 
conspicuously and sharply just anterior 
to the genital area, forming approxi- 
mately a right angle with the genital 
area. The other fish of the pair stays in 
the normal darker-banded color phase, 
and only in a few instances is there 
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noticeable blanching of the dorsal-fin 
spot, although, if-this is also a distended 
fish, it may show the same change in the 
abdominal profile. 

In some observations on group be- 
havior in large aquaria a_ blanched, 
S-curving fish has aroused a response 
from as many as five other banded indi- 
viduals. Although usually only one or 
two banded fish are able to hold a posi- 
tion close to the S-curving fish, in several 
instances all six of these fish rushed to 
the surface in a tight group and made a 
splash, the body of the blanched fish be- 
ing strongly arched. Occasionally a ro- 
tund but banded fish, especially in a 
group showing this behavior, will sud- 
denly reverse its role, blanch, and start 
S-curving and behaving like a typically 
blanched fish. This may last for only 
a few seconds or continue into typical 
spawning behavior with a banded fish. 
On some occasions both fish of a spawn- 
ing pair may reverse roles for short 
periods, with intervals when both fish 
are blanched and S-curving. Usually the 
more distended fish will S-curve more 
strongly and more continuously, in an 
aggressive manner, blocking off and cor- 
nering the other blanched fish until it 
returns to the banded condition. 

Spawning activity among pairs or 
groups may keep up for more than an 
hour, and water-surface samples taken 
afterwards show hundreds of fertilized 
eggs in various stages of early cleavage. 
However, the exact moment when eggs 
and sperm are released has yet to be 
determined with certainty, as there ap- 
pear to be no special times when the 
genital areas of the fish are very close 
together. Also, it is not known which fish 
releases eggs and which sperm, or if eggs 
and sperm are released together from 
one or both fish. It was at first suspected 
that the blanched fish was releasing eggs 
and the banded fish, sperm, but subse- 
quent observations have shown that an 
obviously gravid fish will blanch and go 
through S-curving and quivering move- 
ments and, without any response from 
another fish, release eggs and sperm that 
produce embryos and larvae even when 
such a fish is kept in isolation. In two 
instances the eggs could be seen coming 
out of the fish shortly after some quiver- 
ing movements and a lowering of the 
post-abdominal region; the fish then 
seemed to rest on the bottom. There is 
also evidence that the mere sight of an- 
other fish in an adjacent aquarium could 
stimulate this release. Greatly distended 
fish caught in the morning and kept iso- 
lated will often release nonfertile or self- 
fertilized eggs the same or the following 
day. This may well be an artificial re- 
sponse brought about by laboratory con- 






ditions and the separation of natural 
pairs just before they are ready to spawn. 
A comparison of the sizes of these fish 
with the state of their gonads has given 
no evidence, so far, of a protandric con- 
dition with an intermediate stage to ex- 
plain individuals capable of self-fertili- 
zation. 

In nature these fish are strongly ter- 
ritorial. Before June, skin-diving obser- 
vations indicated that only one mature- 
sized fish of this species occupied a terri- 
tory (usually a ledge or pathway among 
the rocks). But in June and more fre- 
quently in July, pairs and sometimes 
trios of large fish with distended ab- 
domens shared the same pathways, indi- 
cating a tolerance to sharing the same 
territory. This is especially noticeable be- 
cause of the manner in which we catch 
these fish. By chasing them a few times 
around the rocky ledges, a diver can 
soon estimate the extent of their terri- 
tory and can determine what other fish 
share this territory (such as Opsanus, 
Equetes, Pomacentrus and various spe- 
cies of gobies and blennies, and Hy- 
pleurocheilus geminatus, the last of 
which forms a substantial part of the diet 
of Serranellus). 

EuGENIE CLARK 
Cape Haze Marine Laboratory, 
Placida, Florida 
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Hemoglobin Patterns 
in American Indians 


Abstract. Two populations of North 
Carolina have been analyzed for hemo- 
globin patterns by paper electrophoresis. 
Of 534 Cherokee Indians, both mixed and 
full bloods, all showed normal hemoglobin. 
Lumbee Indians of less certain ethnic 
status had 1.7 percent of hemoglobin S, 
an equal amount of hemoglobin C, and 
one possible hemoglobin D trait among 
1332 bloods studied. 


Bloods of Cherokee and Lumbee In- 
dians of North Carolina have been ana- 
lyzed for hemoglobin patterns by the 
rapid paper electrophoresis method (1). 
All abnormal patterns were verified by 
standard electrophoretic techniques and 
sickle-cell tests. 
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The Cherokee Indian sample consisted 
of school children on the reservation at 
Cherokee, .N.C. Among this Eastern band 
of the tribe, descended from those who 
escaped the forced westward migration 
of 1838, there is, as is known from the 
tribal records, a wide range of degree of 
Indian ancestry. No abnormal hemoglo- 
bins were found among 534 bloods stud- 
ied, including 136 “full bloods.” 

The Lumbee Indians are a population 
in the south-central part of the state, 
whose origins are uncertain. Considering 
themselves primarily a mixture of In- 
dian and white, they have also been 
known as Croatans and Indians of Robe- 
son County. The sample studied con- 
sisted of students in Pembroke College, 
High School, and Elementary School. 
Of 1332 bloods analyzed, 23 (1.7 per- 
cent) showed sickle-cell trait (A plus 
S), and an equal number exhibited 
hemoglobin C trait (A plus C). One 
possible case of hemoglobin D trait (A 
plus D) requires further study for veri- 
fication. No other abnormal hemoglobins 
were encountered. 

Previous studies of American Indians 
have revealed no abnormal hemoglobins 
(2), but the claim of Indian ancestry 
among many individuals with hemoglo- 
bin D suggested the likelihood of a reser- 
voir of such abnormal hemoglobin among 
Indian populations (3). Furthermore, 
two non-Indian families in the same gen- 
eral geographic area as the Lumbee In- 
dians had shown hemoglobin D (4). The 
present survey suggests the absence, or 
extremely low incidence, of abnormal 
hemoglobins among unmixed American 
Indians (3). 

W. S. PoLuirzerR 
Department of Anatomy, University of 
North Carolina, Chapel Hill 
A. I. CHERNOFF 
Department of Medicine, Duke 
University, and Veterans Administration 
Hospital, Durham, North Carolina 
L. L. Horton 
Veterans Administration 
Hospital, Durham 
M. FroEHLicH 
Duke University School of 
Medicine, Durham 
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Newly Developed 
GYROTORY® 


INCUBATOR-SHAKER 


Patent pending 


Single Unit 


A compact, efficient 
s self-contained, rotary ac- 
tion shaker and _incu- 
bator featurina operation 
at constant temperatures 
with large shaking plat- 
form and vigorous agita- 
tion. 





The Model G25 is a fully insulated incubator with a 400-watt 
heater. Thermal control and © arse: fan maintain tem- 
peratures from ambient to 60°C., + °C. Interior dimensions 
are 34” wide, 22” long and 154” deep. The 18” x 30” inter- 
changeable shaking platform, with a 1” eccentric rotary mo- 
tion, can be set from 140 to 400 oscillations per minute without 
drift or variation. (Alternate range of 50 to 150 available.) 
Standard platforms hold Erlenmeyer flasks, test tubes or can 
be adapted for other types of glassware. 


UNCONDITIONAL ONE YEAR GUARANTEE 
Write for Bulletin G25-S1 





- BOX 606 @ NEW BRUNSWICK, N. 
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FOR PAPER CHROMATC 


A NEW & SIMPLE METHOD OF 
CHROMATOGRAPHING PAPER STRIPS 











The New Kurtz-Miramon Technique 





... permits chromatographing 
large numbers of paper strips 
at one time in a small space. 


..eliminates fumbling with 
dangling, wet paper strips. 


... prevents papers from 
touching or rubbing together 
while being developed, 
washed, sprayed, and dried. 












Pe emen 


.. eliminates use of anchor 
and anti-siphon rods. 


..utilizes all-glass apparatus. 





Write for Brochure SK 








BIRD, CONTINUOUS FEED 


KYMOGRAPH—Bird, Continuous Feed, Electric. 

For a continuous record of physiological studies up to 
80 feet in length. Ink writing levers are used exclu- 
sively. 

An 80 foot roll of paper 6 inches wide, is fed in 
one continuous strip at any one of eight speeds by an 
induction motor. Drum Speed is determined by ex- 
ternal gears which are easily reversed to provide the 
following ranges in cms. per minute. 


Gears in normal position 


Gears reversed 


Speeds are approximate only, since an induction 
motor is used to drive the rolls. 

Cast aluminum housing is finished in gray wrinkle. 
Exposed metal parts are nickel-plated brass. Overall 
dimensions: 8 inches wide, 12 inches deep, 8 inches 
high. Complete with one roll of drum paper, cord, and 
plug, but without writing lever. For 115 volt, 60 cycle, 
A.C. 


Cat. No. 70-140 


PHIPPS & BIRD, ine. 


Manufacturers & Distributors of Scientific \ deat 
la) 6th & Byrd Streets - Richmond, Va. 
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(Continued from page 174) 

I agree with Carstater that the young 
scientist “should be concerned with both 
the scientific and managerial quality of 
the supervision he will receive.” These 
are important considerations. A record 
of publication constitutes one type of 
evidence as to the caliber of the scientific 
output of a laboratory. The “managerial 
quality of supervision” is extremely diffi- 
cult to evaluate unless one is personally 
involved in an organization. 

I do not know what Carstater means 
by “the privilege of publishing.” Publi- 
cation is not a favor to be conferred 


upon good behavior. In my opinion, in 
discussing the publication of a research 
paper, the word privilege should be 
taboo. It is legitimate to ask a research 
director, ‘““What is the policy of your or- 
ganization regarding the publication of 
research results?” One should be guided 
by one’s own ideals after an answer to 
that question is obtained. Verbal an- 
swers, no matter how sincere, may not 
be known to administrators who later 
may direct a man’s work. Unless reduced 
to writing, “policy” 
ingless thing. 
Carstater is ungracious in stating that 
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NEW VALUABLE TIME SAVERS 








1 - MOISTURE DETERMINATION BALANCE: 

Sample Weight 10 Grams ... Sensitivity (10 | 
Mg.) =0.1 Gram—0.1%. This new Ohaus com- i 
bination drying unit and precision balance, not 
only measures easily and accurately the mois- 
ture content of a wide variety of products and 
materials, but actually plots the loss of weight 
against time! Repeated tests can be run auto- 


matically. Write for bulletin 6-A. 


B-2399X Balance, 121 x 10 x 15” high, for 115 
volt, 60 cycle AC (650 watts). Price $295.00 


2. REFRIGERATED CENTRIFUGE: 
In addition to high speed, this Inter- 
national Model HR-1 offers large ca- 
pacity and low controlled temperatures. 
It spins two angle heads—an 8-place 
50-ml. size which delivers 40,000 x G., 
and a 6-place 250-ml. delivering 26,000 
xG. A unique refrigeration system 
maintains the temperature of the ma- 
terial at 0° C. Ask for complete in- 
formation. 


C-2750X Centrifuge, 28 x 38x39” high, for 
208-230 volts, 60 cycles, AC (single phase). 
Price, without heads ............ $2,275.00 


3. MOLECULAR MODEL KIT: Be- 
cause the atoms in this kit are as com- 
pressible as the actual molecules, the 
known flexibility of molecules may be 
qualitatively demonstrated for the first 
time. The kit contains 100 atom mod- 
els made of pliable polyvinyl chloride 
and numerous polyethylene connectors 
for quickly and easily constructing all 
existing organic forms without the use 
of tools. Send for attractive 4-color 
circular, 


M-9316X Molecular Model Kit complete with 
instructions 


0. 00''e' as sip ce Boety sid lp Sra ana $49.50 
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“an undeserved slur on the perspicacity 
of senior scientists, research directors, 
and deans” was intended or implied in 
the thesis of “The lost legion” editorial. 
Selection, at best, is a difficult task. All 
evidence, even if remotely related to the 
problem, should be available for consid- 
eration before an appointment is made. 
A record of published research consti- 
tutes evidence. It should be used in con- 
junction with, and not as a substitute for, 
verbal reports on behavior, attitudes, 
and record searches. The published rec- 
ord of research most certainly would not 
constitute “the only acceptable, or even 
the best, evidence of his productivity as 
a scientist.” But it would be an impor- 
tant item for consideration. 

I am slightly amused by but very tol- 
erant of Carstater’s “father knows best” 
point of view. He refers to “the imma- 
ture scientist” and the scientist at a 
“more mature stage.” There may be or- 
ganizations where the research adminis- 
trator “is likely to be mentor, counselor, 
and friend, seeking to develop and nur- 
ture whatever aptitudes are present.” It 
would be interesting to conduct attitude 
surveys to check this hypothesis. 

RicHarp S. UHRBROCK 
College of Arts and Sciences, 
Ohio University, Athens 


Skin Diving in Rocket Ships 


A person in a tank of water is able to 
withstand relatively great accelerations 
without damage or malfunction (even 
more than in a pilot’s “G suit”). This 
could possibly be expected from the re- 
port on weightlessness by H. J. Muller 
[Science 128, 772 (1958)]. 

Experiments demonstrating this were 
described to me by Carter Collins, about 
the time of the publication of my report 
“Some principles of self-contained un- 
derwater breathing apparatus” [Science 
128, 1001 (1958)]. Collins noted that an 
air-pressure regulator which is. wrongly 
positioned with respect to the body is 
dangerous in high-acceleration situations 
because the density of the material sepa- 
rating the lungs and the regulator is effec- 
tively increased proportional to the ac- 
celeration, and thus the lungs are not 
necessarily supplied with air at the pres- 
sure surrounding them. The weight- 
compensated regulator described in my 
report effectively puts the regulator 
within the lungs, and it retains this abil- 
ity under the action of most commonly 
experienced acceleration forces, whether 
compensation is by a weight or by a float. 
In a centrifugal field, if the center of 
rotation is near the person, departures 
from exact compensation can _ exist. 
Under changes in gravity, compensation 
in all positions can remain perfect. Com- 
pensation with a spring does not give 
these effects. 

In this connection, it is relevant to 
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PERFECT PARTNERS FOR ACCURACY iN YOUR 
CLINICAL CHEMISTRY DETERMINATIONS 


These versatile control serums have been 

tailored to meet your needs. When run in parallel 

with your unknowns, they provide a close, 

‘dependable check on technics, instruments and reagents. 
Both serums are prepared from freshly 

_ drawn human blood and freeze-dried to insure the 

stability of the labeled values. Both are 

repeatedly assayed by three independent laboratories 
: before release; mean values and acceptable 

ee range are charted for 2ach lot. 
_.___ Both are prepared for use simply by adding distilled 
pes water. And both are stable for five days 
after reconstitution when stored under refrigeration. 

eS Abnormal Clinical Chemistry Control Serum 
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One of the most significant developments in 
buret history, the Manostat Needle Valve 
Buret, is now available with Kimble Tubes. 
Now you can perform your titrations without 
annoyance of stopcock adjustments. 

This new instrument provides fine needle 
valve control of liquid flow, eliminating crude, 
annoying stopcock grease contamination. 

The Buret tubes are accurately calibrated 
to the closest tolerances, and a perma- 
nent fused-in ceramic scale insures lifetime 
graduations. 
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note that some early tests to determine 
the best location of a regulator (which 
indicated a location within the lungs) 
involved diving in a medium more dense 
than water and moving the regulator up 
or down to the most comfortable posi- 
tion relative to the body. An acceleration 
field effectively increases the density of 
the liquid and the compensating weight 
at the same rate, and so the required 
weight does not change as it would have 
to for diving in a different medium. 

The concept of a “center of pressure” 
for the lungs, at which a regulator should 
effectively be positioned, probably loses 
much of its significance if a great pres- 
sure difference exists across the chest 
itself. (For example, one might expect 
difficulty in trying to breathe under mer- 
cury. ) 

R. Stuart Mackay 

Radiological Research Laboratory, 
University of California 
Medical Center, San Francisco 


Strontium Content of Human Bone 


In the issue of 1 August [Science 128, 
256 (1957)], Thurber, Kulp, Hodges, 
Gast, and Wampler report on their meas- 
urements on the common strontium con- 
tent of human bones from urban popula- 
tions. They deduce a ratio of Sr to Ca 
in bone of (0.45+0.1) x 10-3. Combin- 
ing this with the figure they quote for 
the same ratio in average soil, one ob- 
tains a discrimination factor of 16+4, 
which has a significantly higher error 
than they quote. 

This perhaps makes less disturbing the 
discrepancy between their measured dis- 
crimination and the one which can be 
calculated on the basis of the discrimi- 
nation factors they quote for the vari- 
ous biological systems. Using these num- 
bers—namely, human calcium half de- 
rived from vegetation and half from 
milk, plant-to-soil discrimination equal 
to unity, plant-to-milk discrimination 
equal to 7, and milk or vegetation to 
human bone discrimination equal to 4— 
one estimates the over-all discrimination 
between soil and human bone to be about 
7 (not 16 as quoted in the report). A 
discrepancy of a factor of 2 is perhaps 
not surprising in view of the roughness 
of the numbers and the simplifying as- 
sumptions which have been made. 

The factor of 16 +4 is certainly an en- 
couraging sign, but its relative constancy 
in these measurements, as Thurber e¢ al. 
point out, is largely a function of the 
averaging of food sources in a modern 
urban environment. It would be intérest- 
ing to see similar measurements on bones 
from isolated rural populations in cal- 
cium-rich and calcium-deficient regions. 

R. G. GLassER 
Nucleonics Division, U.S. Naval 
Research Laboratory, Washington, D.C. 
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se Sensory Deprivation Burroughs 
ip 
i- A “Symposium on Sensory Depriva- 
mn tion” was held at Harvard Medical 
of School in Boston on 20 and 21 June 
ht 1958. The meeting was jointly spon- 
ad sored by the Physiological Psychology ANOTHER NEW ROSTER OF 
ve Branch of the Office of Naval Research, 0 G 
the Harvard Medical School, and the 0 PPO RT U N ITI ES APLENTY Al BU RR U H S 
2” Boston City Hospital. The meeting con- Again we are stepping up our aggressive research and development 
ld sisted of a working group of some 80 | programs. These have already made us a $300-million-a-year force 
es a — directly “ indirectly | jn advanced electronic and electro-mechanical information proces- 
if cae pint pls meting eprivation, | sing for both commerce and defense. Here are just a few of the many 
2S > - ° ege . . . 
a An outstanding feature of the meet- exceptional career opportunities open right now for exceptional men: 
or. ing was the fact that representatives of } 
a wide variety of disciplines and inter- CALIFORNIA at our Dept. 210B, Burroughs Corporation 
Re ests, ranging from neurophysiology, psy- ElectroDeta Division in Pasadena Research Center, Paoli, Pennsylvania. 
chiatry, psychoanalysis, and psychology 
to biochemistry, pharmacology, mathe- Electronic rept cp experience PENNSYLVANIA at our Mil- 
. ena in areas such as logical design, com- . ‘ ‘ eee , 
a sr engineering, could wie to- ailier cobniient poner ron al elec. _ itary Field Service Division in Phila. 
om sir bi “ugh gate! nas oo tronic packaging, sub-miniaturization, Field Engineers responsible for the 
Pe eT ee ee Te manufacturing costs and processes. direction of several field teams in 
: Sensory deprivation is the term ap- ; } installation and maintenance of digital 
i plied to various experimental techniques Electronic Data Processing Special- computers and integrated data pro- 
designed to isolate the subject from his ists with experience in areas such as cessing systems. Required BSEE, with 
mB, natural environment through the elimi- applied programming, applied math- extensive field service experience in 
ity nation, reduction, or stereotyping of sen- ne aging technical sales consul- military electronic equipment. 
S- : Ss ation, etc. 3 : 
ot sation from vision, hearing, and touch. Site Engineers to attend formal lab 
The effects of mmecoggt | deprivation have For Details, write Mr. C. J. Blades, and lecture training program of 16 
Ca long been known in the accounts of ex- Manager, Professional Employment, weeks in electronic data processing 
et plorers and shipwrecked sailors, more Dept. 210A, Burroughs Corporation equipment at full salary. Assignments 
= recently in “brainwashed” prisoners-of- ElectroData Division, 460 Sierra after completion of formal program 
“Fi war. They are varied and include bore- Madre Villa, Pasadena, California. plus field neo pe hg: involve oy 
ei dom, restlessness, oppression, mental in- prs enfant sates ~ 
ss oo bg creat in b pcan PENNSYLVANIA at our ing equipment. BSEE preferred, or 
yes va APwrorg res oP h el Research Center near Philadelphia equivalent experience. Must be willing 
the ba aie cesarean Syst Engineers with specific pphewsdirec abeisisccihe 
; cently come in for increasing systematic ystems £n = 3 
lis- ‘tly ii the laboratory. oe experience in systems analysis and For Details write Mr. A. J. Bellace, 
be eM. design of digital data processors. Employment Supervisor, Burroughs 
ni- Sep aim ogre aa ag Should be trained in engineering, Corporation Military Field Service 
iri- = 4 2 > 7 physics or mathematics. Graduate Division, Dept. 210C, Burroughs 
e: prived or restricted environments upon training desirable. Drive, Radnor, Pennsylvania. 
j intellectual function, opinions and atti- 
e- . 7 | S 
tudes, perceptual performance, reaction Mathematicians, computer-oriented, 
ee time, electroencephalograms, and physi- with particular experience in problem MICHIGAN at — Burroughs 
ual ological reactivity, as well as upon per- formulation, numerica] analysis, and Division in the Detroit Area 
ion sonality and emotions. The relevance of app-ied mathematics—in connection fFyperienced Electronic, electrical 
to sensory deprivation to a variety of prac- with formulation and design of com- and mechanical engineers to work in 
aR tical situations was examined, including putational procedures. Procedures in- many areas of research and develop- 
; : é : eG. volved in problems of guidance and air for inf, : : : 
lon its role in the treatment of psychiatric ‘ : : ment for information processing equip- 
put : : psy defense, trajectory calculations, logical nent applicable to commercial and 
disorders, its effects on the performance design, sampled data systems, circuit military use 
A of aviators, and its special utility in the analysis and more. Advanced degree : ; . . 
aps study of stress. The particular relevance in mathematics preferred. r a Details, tt Mr. — Suzio, 
ess of questions raised by research in sensor ministrator, Corporate Placement 
as- Saitemnd for pac i techniques poet) For Details, write Mr. James Gilroy, Services, Dept. 210, Burroughs Corpo- 
theory in psychoanalysis was also. dis- Professional Placement Coordinator, ration, Detroit 32, Michigan. 
en: cussed. 
ay The mental disturbances produced by 
al. sensory deprivation were thought to be es 
the explained best in terms of interference Burroughs 
em with previously little understood neural 
est mechanisms essential to alertness and at- 3s 
nes tentiveness. The mind does not seem to 
~al- function efficiently without constant con- 
ms, tact with changing stimuli from the out- 4 
pat | i cin a die ear Inieketecs Burroughs Corporation 
similar to those seen with sensory depri- 
.C. vation have been observed in ee al “NEW DIMENSIONS / IN ELECTRONICS AND DATA PROCESSING SYSTEMS” 
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in which this same neural mechanism 
is taxed through overloading. 

On the behavioral level it was sug- 
gested that decrease in environmental 
input (in terms of either absolute re- 
duction or absence of change) has the 
effect of modifying the learned model of 
the world which each individual ac- 
quires in the form of expectancies or 
“programs” for dealing with reality. The 
understanding of the results of sensory 
deprivation clearly requires a functional, 
rather than a structural, view of behavior 
and its instrumentalities. 

The classical conception of the human 
nervous system as essentially a switching 
mechanism appears increasingly to be 
losing ground. In its place has emerged 
a view of the nervous system, as char- 
acterized by W. Gray Walter, as a ““com- 
plex, probabilistic, nonlinear system.” 
This change in perspective has produced 
new emphases in research. For example, 
the previous total input-output history 
of the experimental organism, hitherto 
ignored, has become an important vari- 
able to be controlled. The functional view 
also points to a search for the parameters 
of sensory input along “meaning” dimen- 
sions as well as along physical dimen- 
sions for understanding resultant output 
or behavior. 

The symposium included six papers 
reporting completed work, three theo- 
retical papers, and a round-table dis- 
cussion. The experimental papers were 
as follows: 

1) “Cognitive and physiological ef- 
fects of perceptual isolation,” by Wood- 
burn Heron. 

2) “Individual differences in reaction 
to experimental interference with reality 
contact,” by Leo Goldberger and Robert 
R. Holt. 

3) “The effect of human isolation 
upon some perceptual and motor skills,” 
by Jack Vernon, Thomas E. McGill, 
Walter Gulick, and Douglas K. Cand- 
land. 

4) “Sensory deprivation in aviation,” 
by A. M. H. Bennett. 

5) “Physiological and _ psychological 
aspects of sensory deprivation—a case 
analysis,” by Jack H. Mendelson, Philip 
Kubzansky, P. Herbert Leiderman, Don- 
ald Wexler, and Philip Solomon. 

6) “Observations of anaclitic therapy 
during sensory deprivation,” by Hassan 
Azima, R. Vispo, and Fern J. Azima. 

The theoretical papers discussed sen- 
sory deprivation from the point of view 
of psychoanalysis, neurophysiology, and 
cognitive psychology, as follows: 

1) “Theoretical considerations,” by 
Lawrence S. Kubie. 

2) “Are there common factors in sen- 
sory deprivation, sensory distortion and 
sensory overload?” by Donald B. Linds- 
ley. 

3) “The cognitive consequences of 
early sensory deprivation,” by Jerome 
Bruner. 
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other hazardous substances. With 
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Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc.,6901 Gregory Avenue, Wee- 
hawken, N. J. 
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A concluding round-table discussion 
was held, with the following partici- 
pants: Donald O. Hebb, Jerome S. Bru- 
ner, Ernst Gellhorn, Lawrence S. Kubie, 
John C. Lilly, Erich Lindemann, Don- 
old B. Lindsley, Horace G. Magoun, W. 
Gray Walter, Norbert Wiener, and Heinz 
Werner. Among others who contributed 
significantly to the general discussion 
were Grete Bibring, Edwin Boring, 
Enoch Callaway III, Sanford I. Cohen, 
Joel Elkes, Charles Fisher, Robert 
Grenell, George Klein, Warren Mc- 
Culloch, Sydney Margolin, Austin Rie- 
sen, Norman Rosenzweig, George Ruff, 
and Richard Trumbull. 

The proceedings of the meetings are 
to be published. 

Puitip SoLomon, Puitip KUBZANSKY, 

P. HERBERT LEIDERMAN, 
Jack H. MenpeEtson, DonaLp WEXLER 
Psychiatric Research Laboratory, 
Boston City Hospital, 
Boston, Massachusetts 


Forthcoming Events 


February 


23-27. American Concrete Inst., 55th 
annual, Los Angeles, Calif. (W. A. 
Maples, A.C.I., 18263 W. McNichols Rd., 
Detroit 19, Mich.) 

25-26. Midwest Industrial Radioiso- 
topes Conf., Manhattan, Kan. (J. Kitch- 
ens, Dept. of Continuing Education, 
Kansas State College, Manhattan. ) 

25-27. Biophysical Soc., annual, Pitts- 
burgh, Pa. (G. Felsenfeld, Dept. of Bio- 
physics, Univ. of Pittsburgh, 325 Clapp 
Hall, Pittsburgh 13.) 

26-28. American Acad. of Forensic Sci- 
ences, annual, Chicago, Ill. (W. J. R. 
Camp, AAFS, 1853 W. Polk St., Chicago 
2.) 

26-28. Genetics and Cancer, 13th an- 
nual symp. on fundamental cancer re- 
search, Houston, Tex. (Editorial Office. 
Univ. of Texas, M. D. Anderson Hospital 
and Tumor Inst., Texas Medical Center, 
Houston 25.) 

27-1. National Wildlife Federation, 
23rd annual convention, New York, N.Y. 
(NWF, 232 Carroll St., NW, Washington 
12.) 


March 


1-2. Pennsylvania Acad. of Sciences, 
Gettysburg. (K. Dearolf, Public Museum 
and Art Gallery, Reading, Pa.) 

1-5. Gas Turbine Power Conf., Cincin- 
nati, Ohio. (O. B. Schier, ASME, 29 W. 
39 St., New York, N.Y.) 

7. American Chemical Soc., Oklahoma 
Div., tetrasectional meeting, Tulsa. (J. W. 
Conant, ACS, Grand River Chemical Div. 
of Deere and Co., Pryor, Okla.) 

8-9. American Broncho-Esophagologi- 
cal Assoc., Hot Springs, Va. (F. J. Put- 
ney, 1712 Locust St., Philadelphia, Pa.) 

8-9. American Laryngological Assoc., 
Hot Springs, Va. (J. H. Maxwell, Univer- 
sity Hospital, Ann Arbor, Mich.) 

8-12. Aviation Conf., Los Angeles, 
Calif. (O. B. Schier, ASME, 29 W. 39 
St., New York, N.Y.) 
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10-12. American Laryngological, Rhi- 
nological and Otological Soc., Hot Springs, 
Va. (C. S. Nash, 708 Medical Arts Bldg., 
Rochester 7, N.Y.) 

13-14. American Otological Soc., Hot 
Springs, Va. (L. R. Boies, University Hos- 
pital, Minneapolis 14, Minn.) 

13-15. Alabama Acad. of Sciences, Au- 
burn, (H. M. Kaylor, Dept. of Physics, 
Birmingham-Southern College, Birming- 
ham, Ala.) 

14-15. Southwestern Soc. of Nuclear 
Medicine, 4th annual, New Orleans, La. 
(S. B. Nadler, SSNM, 1520 Louisiana 
Ave., New Orleans 15, La.) 

15-20. American College of Allergists, 


San Francisco, Calif. (M. C. Harris, 450 
Sutter St., San Francisco. ) 

16-19. American Assoc. of Petroleum 
Geologists, Soc. of Economic Paleontolo- 
gists and Mineralogists, 44th annual, Dal- 
las, Tex. (W. A. Waldschmidt, AAPG, 
311 Leggett Building, Midland, Tex.) 

16-20. American Inst. of Chemical En- 
gineers, Atlantic City, N.J. (F. J. Van 
Antwerpen, AICE, 25 W. 45 St., New 
York 36.) 

16-20. National Assoc. of Corrosion 
Engineers, 15th annual conf., Chicago, 
Ill. (NACE, Southern Standard Bldg., 
Houston, Tex. ) 

16-20. Western Metal Exposition and 














Model 6510 


Eastern sales representative : 
H. Reeve Angel & Co., Inc. 
52 Duane St., New York 7, N. Y. 





NATIONAL APPLIANCE 






HUMIDITY 


AIR 


Units developed by National Appliance 
Company for bio-technical studies requiring controlled 
climate are proving their efficiency and versatility. Basic 
model in two sizes, 2’-2” x 4’-2” and 4’-2” x 8’-2” floor 
area, with controlled temperature and light intensity. 
May be modified to control all other factors of environ- 
ment. Larger sizes available with complete instrumenta- 
tion of all environmental factors. 


Write for quotations on your particular requirements and send 


for new 4-page bulletin. 


=~ COMPANY 


oe 


sno? 
4 ) 


», 
LED ENVI® 


7634 S.W. CAPITOL HWY. 
PORTLAND 19, OREGON 
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Cong., 11th, Los Angeles, Calif. (R. T. 
Bayless, 7301 Euclid Ave., Cleveland 3. 

17-19. National Health Council, Chi- 
cago, Ill. (P. E. Ryan, 1790 Broadway, 
New York, 19.) 

18-25. International Social Science 
Council, 4th general assembly (by invita- 
tion), Paris, France. (C. Levi-Strauss, Sec- 
retary-General, International Social Sci- 
ence Council 19, avenue Kleber, Paris.) 

19-21. Society for Research in Child 
Development, NIH, Bethesda, Md. (Miss 
N. Bayley, Laboratory of Psychology, Na- 
tional Inst. of Mental Health, Bethesda 
14, Md.) 

23-26. Institute of Radio Engineers, 
natl. conv., New York, N.Y. (G. L. Haller, 
IRE, 1 E. 79 St., New York 21.) 

24-27. American Meteorological Soc., 
general, Chicago, Ill. (K. C. Spengler, 
AMS, 3 Joy Street, Boston, Mass. ) 

27-28. Michigan Acad. of Sciences, 
East Lansing. (D. A. Rings, Univ. of 
Michigan, Dept. of Engineering, Ann 
Arbor. ) 

28. South Carolina Acad. of Sciences, 
Columbia. (H. W. Freeman, Dept. of 
Biology, Winthrop College, Rock Hill, 
S.C.) 

29-3. Latin American Congress of 
Chemistry, 7th, Mexico D.F., Mexico. (R. 
I. Frisbie, Calle Ciprés No. 176, Zone 4, 
Mexico, D.F.) 

30-1. American Orthopsychiatric As- 
soc., San Francisco, Calif. (M. F. Langer, 
1790 Broadway, New York 19.) 

30-12. Bahamas Medical Conf., 7th, 
Nassau. (B. L. Frank, 1290 Pine Ave., W. 
Montreal, Canada. ) 

31-2, American Power Conf., 21st an- 
nual, Chicago, Ill. (N. S. Hibshman, 
AIEE, 33 W. 39 St., New York 18.) 

31-2. Symposium on Millimeter Waves, 
9th, New York, N.Y. (H. J. Carlin, Micro- 
wave Research Inst., 55 Johnson St., 
Brooklyn 1, N.Y.) 

31-5. International Committee of Mili- 
tary Medicine and Pharmacy, 21st session, 
Paris, France. (Comité International de 
Médecine et de Pharmacie Militaires, 
H6pital Militaire, 79, rue Saint Laurent, 
Liége, Belgium. ) 


April 


1-3. American Assoc. of Anatomists, 
Seattle, Wash. (B. Flexner, Univ. of Penn- 
sylvania Medical School, Philadelphia 4.) 

1-4, National Council of Teachers of 
Mathematics, Dallas, Tex. (H. T. Karnes, 
Dept. of Mathematics, Louisiana State 
Univ., Baton Rouge 3.) 

1-4, National Science Teachers Assoc., 
7th natl. conv., Atlantic City, N.J. (R. H. 
Carlton, NSTA, 1201 16 St., NW, Wash- 
ington 6.) 

1-4, Neurosurgical Soc. of America, 
Hot Springs, Va. (F. P. Smith, 260 Crit- 
tenden Blvd., Rochester 20, N.Y.) 

1-29. World Meteorological Organiza- 
tion, 3rd session of congress, Geneva, 
Switzerland. (WMO, Campagne Rigot, !, 
avenue de la Paix, Geneva.) 

2-3. Electrically Exploded Wires, conf., 
Boston, Mass. (W. G. Chace, Thermal 
Radiation Laboratory, CRZCM, Geophys- 
ics Research Directorate, Air Force Cam- 
bridge Research Center, Bedford, Mass.) 

2-4. Association of American Geogra- 
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phers, 55th annual, Pittsburgh, Pa. (J. E. 
Guernsey, 9707 Parkwood Dr., Bethesda, 
Md.) 

2-4. Association for Computing Ma- 
chinery, Cleveland, Ohio. (J. Moshman, 
Corporation for Economic and Industrial 
Research, 1200 Jefferson Davis Highway. 
Arlington 2, Va.) 

2-4. Optical Soc. of America, New 
York, N.Y. (S. S. Ballard, Dept. of Phys- 
ics, Univ. of Florida, Gainesville. ) 

3-4, Eastern Psychological Assoc., At- 
lantic City, N.J. (C. H. Rush, Standard 
Oil Co. of New Jersey, Rockefeller Plaza, 
New York, N.Y.) 

3-5. American Soc. for the Study of 
Sterility, Atlantic City, N.J. (H. H 
Thomas, 920 S. 19 St., Birmingham 5, 
Ala.) 

3-5. Cooper Ornithological Soc., Berke- 
ley, Calif. (J. Davis, Univ. of California, 
Hastings Reservation, Jamesburg Route. 
Carmel Valley.) 

5-9. American College of Obstetricians 
and Gynecologists, Atlantic City, N.J. (J. 
C. Ullery, 15 S. Clark St., Chicago 3, IIl.) 

5-10, American Chemical Soc., 135th, 
Boston, Mass. (M. A. H. Emery, 18th 
and K St., NW, Washington, D.C.) 

5-10. Nuclear Congress, Cleveland, 
Ohio. (S. Baron, Burns & Roe, Inc., 160 
West Broadway, New York 13.) 

6. Paleontological Research Institution, 
Ithaca, N.Y. (R. Harris, 109 Dearborn 
Rd., Ithaca.) 

6-7. Chemical and Petroleum Instru- 
mentation, 2nd natl. symp., St Louis, Mo. 
(H. S. Kindler, Director of Technical and 


Educational Services, ISA, 313 Sixth 
Ave., Pittsburgh 22, Pa.) 
6-8. American Radium Soc., Hot 


Springs, Va. (R. L. Brown, Robert Win- 
ship Clinic, Emory Univ., Atlanta 22, 
Ga.) 

6-8. Astronautics, AFOSR 3rd annual 
symp., Washington, D.C. (Headquarters, 
Air Force Office of Scientific Research, 
Washington 25.) 

6-8. National Open Hearth Steel Fur- 
nace, Coke Oven and Raw Materials 
Conf., St. Louis, Mo. (E. O. Kirkendall, 
AIME, 29 W. 39 St., New York 18.) 

6-9. American.-Acad. of General Prac- 
tice, San Francisco, Calif. (M..F. Cahal, 
Volker Blvd. at Brookside, Kansas City 
12, Mo.) 

6-11. Coordination Chemistry, intern. 
conf., London, England. (Chemical Soc., 
Burlington House, London, W.1.) 

12-13. American Soc. for Artificial In- 
ternal Organs, Atlantic City, N.J. (C. K. 
Kirby, ASAIO, 110 Maloney Bldg., Uni- 
versity Hospital, 3600 Spruce St., Phila- 
delphia 4, Pa.) 

12-16. American Physiological Soc., 
Atlantic City, N.J. (R. C. Daggs, 9650 
Wisconsin Ave., Washington, D.C.) 

12-16. Fracture, intern. conf., Cam- 
bridge and Dedham, Mass. (Headquar- 
ters, Air Force Office of Scientific Re- 
search, Washington 25.) 

13. Biochemical Cytology of Liver 
(Histochemical Soc.), symp., Atlantic 
City, N.J. (A. B. Novikoff, Dept. of Pa- 
thology, Albert Einstein College of Medi- 
cine, Yeshiva Univ., Eastchester Rd. and 
Morris Ave., New York 61.) 


(See issue of 16 January for comprehensive list) 
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COLEMAN 


Analyzing for 
Sodium? Calcium? 
Potassium? 


Here’s 
how to do it 


accurately 








quickly, 


easily 


L 


Ez 
COLEMAN 


— 


These typical industrial analyses, accomplished 
with a Coleman Flame Photometer, demonstrate a 
speed and precision impossible by classical methods: 


1. Sodium, Potassium and Calcium in Soils— 
10,000 samples per year in an industrial Chem- 
ical Company laboratory. 

2. Potash in fertilizers—96 samples per day, in a 
State agriculture laboratory. 

3. Calcium Oxide in magnesite, brucite and dolo- 
mite ores—120 to 140 ore samples per 8-hour 
shift, in a mining company laboratory. 

4. Sodium and Potassium in such diverse materials 
as silicate rocks, plant tissues, bentonite clays, 
food-stuffs and lubricating oils. 


Find out how a Coleman Flame Photometer can 
save time and money in your laboratory—write 
for Bulletin B-242. 


The Coleman Flame Photometer 





INSTRUMENTS, INC., DEPT. §, MAYWOOD, ILLINOIS 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 230. 


SCINTILLATION PROBE for detection of 
fast or slow neutrons and gamma and 
beta radiation uses a ten-stage, 34-in. 
multiplier photo-tube and a transistor- 
ized electronic circuit. The unit is water 
tight and corrosion proof. Resolution 
time is in the microsecond range. Ac- 
cessories include a neutron probe 11/32- 
in. in diameter and three needle probes 
2 to 6 mm in diameter. Wall thickness 
of the latter is 2.5 mil. (Nuclear-Chicago 
Corp., Dept. 593) 


™ LABORATORY OVEN is designed to be ex- 
plosion-proof. A dual safety control acts 
if the master temperature control fails. 
A limiting control will turn the oven off 
if a flash fire occurs or if the safety set- 
ting is reached. A rear blow-out panel 
protects personnel. Heaters are totally 
enclosed, and the interior is automati- 
cally ventilated before heaters are ener- 
gized. Temperatures range up to 260°C 
and are controlled to +0.8°C. (Modern 
Laboratory Equipment Co., Dept. 599) 





™DETECTOR-INTEGRATOR measures random 
noise over the frequency range 10 cy to 
kcy/sec with dynamic range better than 
50 db. Output is proportional to the 
average value of the input. Limits of in- 
terval of integration from 0.5 to 60 sec 
can be provided. Output is read on a 
panel meter. Low-impedance punched- 
card, punched-tape, or other data-storage 
outputs are available. (Chesapeake In- 
strument Corp., Dept. 583) 


®KERR-CELL SHUTTER, for ultrahigh- 
speed photography, permits incorpora- 
tion of any exposure time from 0.1 to 
0.01 usec on a particular shutter. The 
shutter incorporates a Kerr cell 2 in. in 
diameter, a pulse generator, and a spark- 
gap device. The unit operates from an 
external 60-kv source and a low-voltage 
trigger source. Transmission of the cell 
is approximately 7 percent, and trans- 
mission ratio 20,000 to 1. The cell is 
hermetically encased. (Avco Manufac- 
turing Corp., Dept. 606) 


® CONDUCTIVITY CELLS for use as labora- 
tory standards against which “working” 
conductivity cells may be checked are 
available with cell constants 0.01, 0.1 
and 1. They may be used for immersion 
of flow measurements. (Industrial Instru- 
ments, Inc., Dept. 600) 


™ HOTPLATE AND MAGNETIC STIRRER Com- 
bination provides three heat positions 
and variable stirring. Maximum hot-plate 
power is 750 w. The plate is designed so 
that its stainless-steel case remains cool. 
Teflon stirring bars are supplied. (E. H. 
Sargent & Co., Dept. 602) 


®cCHECK VALVE of silicone rubber is 
mounted in a standard 1.5-in. needle 
adaptor to permit administration of 
drugs, fluids, and gases in cardiovascular 
and renal studies. The device will open 
under pressure of less than 6 cm-H,O 
and will withstand 500 cm of back pres- 
sure. The valve may be autoclaved or 
sterilized in zephrine. (T. H. Heyer, 
Dept. 598) 


™ PRODUCTION-OPERATIONS RECORDER, Op- 
erated by electrical impulses from any 
contact device counts the number of 
units produced during any preselected 
time interval. The counts are perma- 
nently recorded on punched paper tape 
suitable for use with automatic data- 
processing machines. A cumulative total 
is also presented. Standard time intervals 
are 5, 15, 30, or 60 min. Other intervals 
are available. (Fischer and Porter Co., 
Dept. 608) 

JosHUA STERN 
National Bureau of Standards 








For BACTERIOLOGY * BIOCHEMISTRY 
* ANALYTICAL CHEMISTRY 

* PETROLEUM CHEMISTRY 

* CLINICAL LABORATORY. 
APPLICATIONS... 

¢ Making serial dilutions. » Adding chioro- 
form, strong acids, cyanide solutions, and 
solvents. + Qualitative and quantitative 
reagents. 

This ingenious glass PALO PIPET- 
TER consists of a reservoir flask to 
which is attached an interchangeable 
head of SPECIFIC capacity. Both flask 
and head have ground joints. Cali- 
brated directly in milliliters of distilled 
water, the pipetter’s accuracy is better 
than 1%, or equal to the reproducibil- 
ity of costly automatic pipetting ma- 
chines. 


Please specify the following when ordering 

As — volume of head. (One volume 
on 

2. he of flask. (ml) 

Pyrex Brand Glass DE- R9601 Pyrex Brand Glass 

LIVERY HEAD with Erlenmeyer Flask with 

24/40 Joint and Hooks. hooks and '§ 24/40 


Cat. ##R9600 Joint. 
From 1 ce to 25 ce in Flask Price 
any % cc increment. 
11.60 ea. oe 


From 26 ce to 50 cc 
in any % ce increment. 
$12.75 ea. 


300 mi $2.50 


The PA LO D i a ET T 7 b for rapid, accurate 


and reproducible dispensing of liquids . . . 








1. FILL RESERVOIR 








alli 











*NOTE: 


stirs everything 
. from water 
to honey, 


100 to 1500 RPM 
NEW 


CENCO. 
VARIABLE SPEED \ 


STIRRER 


i 
Allows powerful constant ( 


stirring at selected speeds 
. better action at any 
viscosity because torque 
increases when speed decreases. Jacobs- 
type chuck grips up to 34” glass rod. Hollow 
( shaft permits fast easy vertical rod 
adjustment. Mounting permits 
multi-angle stirring. Sound 
design . . . safe, trouble- 
free performance. 




































One pair of springs supplied 
with each complete unit (head 
and flask) at no extra cost. 


From 51 ce to 100 ce 
in any % cc bry pe R9602—Springs* only 
4.00 ea. $.30 per pair 


WRITE Yount FOR ba NEW PALO PLASTIC CATALOG PA-81 


aa PA | LABORATORY SUPPLIES, Inc. 
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CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718M Irving Park | Road ® Chicago 13, Illinois 

and Mountainside, N. J. 
Boston Birmingham © Sante Clara © Los Angeles ¢ Tulsa 
Houston ¢ Toronto © Montreal © Vancouver @ Ottawa 
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BRUSSELS 
WORLD FAIR 
GRAND PRIX AWARD 





HITACHI ELECTRON 
MICROSCOPE WINS FIRST 
PLACE FOR PERFORMANCE 

EXCELLENCE 


These fine instruments are finding wide 
acceptance throughout the United States 
as well as the world market of Electron 


Microscopes. 


For further information 


contact: 


ERB & GRAY SCIENTIFIC, INC. 


854 S. Figueroa St. 
Los Angeles 17, California 


Exclusive Hitachi Distributors for United States 
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NOW: MORE VERSATILE 
THAN EVER — with im- 
proved convenience for at- 
taching rods of VARIOUS 
SIZES... 


@ Functions on either a vertical or 
horizontal rod 


@ Performs either as an extension 
clamp or a direct mounted type 


@ Permits placement of apparatus 
as close to a vertical support rod 
as desired, or at any distance 





@ Small Mechanical Hand, ex- 
tension mounted, showing 
“*swing-back"’ feoture. 


SMALL SIZE: 

Cat. No. 22990-6 
Capacity 0-21," 
$4.25 





The most versatile laboratory clamp yet designed! 


Heavy aluminum construction with small parts of stainless steel, 









MECHANICAL HAND 


Apparatus Clamp 





@ Features 


a unique reversible 
clamping arm equally efficient for 
the smallest or the largest loads 
@ Excellent grasping power for 
shapes other than the cylindrical 
@ Choice of spring type or solid 
clamping merely by degree of 
screw tightening 


@ Large Mechanical Hand, ex- 
tension mounted. 


LARGE SIZE: 

Cat. No. 22990-10 
Capacity 0— 31%” 
$4.75 











. 


76-78 VARICK STREET 





Write for further detailed information. 


New York Laboratory Supply Co., Inc. 





NEW YORK 13, N.Y 
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SCIENTIFIC APPARATUS 





ards—Klett Reagents. 





GLASS ABSORPTION 
KLETT 





Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters —- Comparators — Glass Stand- 
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Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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SCIENCE ON 
MICROCARDS 


The International 
greatly increased the use of Microcards for 
scientific material. It is, therefore, not surpris- 
ing that we have had to reprint SCIENCE on 
Microcards for the years from 1953 on. 


first half of 1958, 
SCIENCE, is now also available in this form. The 
space saving is substantial: 
occupy the space of one set of SCIENCE. 


The price has remained unchanged, $7.50 
per volume. 


1515 Mass. Ave. NW, Washington 5, D.C. 


SCIENCE ON 


$7.50 per volume 
21953 (1954 11955 [1956 (91957 [1958 ‘vol. 





Geophysical Year has 


volume 127 of 
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35 sets of cards 


Order now from 


SCIENCE, 


MICROCARDS 
$15.00 per year 
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PERSONNEL PLACEMENT 














CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 ee ag Ave., NW 
Washington 5, 


$26.00 per inch 
24.00 per inch 














ili| POSITIONS WANTED jj 





Bacteriologist, B.S. (chemistry) ; M.S. (physiol- 
ogy major; Ph.D., (bacteriology major; mycol- 
ogy minor); 9 years, chief bacteriologist, large 
teaching hospite il; on faculty medical school as 
instructor. Medical Bureau, Burneice Larson, 
Director, 900 North Michigan, Chicago. X 





Virology-Tissue Culture, D.V.M., Ph.D., 34, 
excellent experience human and animal viruses. 
Experimental pathology, cancer. Desires change. 
Box 9, SCIENCE, 1/23 








Zoologist, Ph.D., 10 years of teaching ope ne. 
Numerous publications. Box 7, SCIEN 
fi /23 


TiMIiIIl| POSITIONS OPEN [ijl 


{Mihiiill| POSTTIONS OPEN lil 





Applications are invited for the position Assistant 
Professor of Biology to give instruction in physi- 
ology, embryology, and histology. Opportunities 
for research are available. The ‘salary scale is 
$5400-$7000. A contributory pension scheme is 
in operation. Moving expenses are payable by 
the university to a maximum of $750. Applica- 
tions containing a complete curriculum vitae and 
the names and addresses of three referees should 
be sent to the Head, Department of Biology, 
Memorial University of Newfoundland, St. 
John’s, Newfoundland. 1/23, 30 





Biologist to head scientific staff of growing, 
established biological supply house. Field collect- 
ing experience, plus knowledge of preserving and 
other biological techniques necessary. Ph.D. de- 
gree desired. Administrative ability and teaching 
experience required. Paid vacations, holidays, 
benefits, salary opportunities. Box 8, SCIENCE. 

1/23, 30; 2/6 


NEW WORLD-WIDE SUMMER PLACE- 
MENT DIRECTORY, over 12,000 fascinating 
opportunities in all states, many foreign coun- 
tries. Complete verified information including 
salaries. Send $3.00 now. CRUSADE, Sci.. 
Box 99, Station G, Brooklyn 22, N. Y. eow 











Physiologist, Psychologist, and Physicist, Ph.D. 
or M.S. with appropriate experience. Strong re- 
search orientation required. To join a rapidly 
expanding Human Factors and Space Psycho- 
physiology Group. Research presently undertaken 
by the group covers the fields of perception, 
human transfer functions, motor response dy- 
namics, analyses of man as a component in com- 
plex weapon systems, animal performance in 
simulated space flight conditions, and other stud- 
ies related to both conventional and space type 
weapon systems. Salary will parallel experience 
and demonstrated achievement. Please send ré- 
sumé to Mr. C, G. Jones, Manager, Salary Per- 
sonnel, Goodyear Aircraft Corporation, 1210 
Massillon Road, Akron 15, Ohio. 1/23 





GOVERNMENT OF NEW ZEALAND 

Vacancy for Director, Institute of Nuclear 
Sciences, Department of Scientific and Industrial 
Research, Wellington. Commencing salary will 
be fixed between £1840 and £2440 per annum 
(allowance to £2500 if merited) depending on 
qualifications. 

Qualifications desired: Proven scientific abil- 
ity in a field of nuclear sciences, such as radio- 
chemistry, nuclear physics, isotope techniques, or 
theoretical physics. An interest and proven abil- 
ity in using such fields of work to solve a wide 
range of scientific and applied problems. 

uties: To lead a research team of about 40 
scientists and carry out administrative duties 
therewith. The Director will be required to col- 
laborate with university staff working at the In- 


stitute. It must be pointed out that the Institute | 


will not be undertaking major work in reactor 
technology and that its concern will be the peace- 
ful uses of atomic energy of value to industry, 
agriculture, and so forth, and research problems 
generally. 

Further details and forms of application may 
be obtained from the New Zealand Embassy, 19 
Observatory Circles NW, Washington 8, D.C. 
Applications close in Washington on 27 Febru- 
ary 1959 x 





(a) Physician to direct section of intravenous 


fluids and electrolyte balance, department of clin- | 


ical investigation, major company; excellent 
training in surgery, pediatrics or anesthesiology 
desirable; $15,000; Midwest. (b) Research Di- 
rector; top management position reporting di- 
rectly to president; staff of 20 graduate-level 
people engaged in research; Ph.D. with exten- 
Sive experience in pharmaceutical field and rec- 
ord of achievement in original thought either 
through patents or a eaeee papers required ; 
$13,000-$18,000; Midwest. (c) Clinical Micro- 
biologist, Physician or Ph.D. Bacteriologist; du- 
ties include supervision of clinical bacteriology 
and research; one of country’s leading clinics an 
teaching hospital. $1-4 Medical Bureau, Bur- 
neice Larson, Director, 900 North Michigan, 
Chicago. 4 
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Will POStTIONS OPEN jill 





||| POSITIONS OPEN ||| POSITIONS OPEN ||! 





Pharmaceutical Product Development. Challeng- 
ing position, in New York area. Proved back- 
ground for full responsibility of new product de- 
velopment, contact with clinical investigators, 
and so forth; growing company. Reply should 
include record of product development and sal- 
ary level. Box 5, SCIENCE. 1/16, 23 


Postdoctoral Traineeship in Neuropharmacology 
Available for the Ph.D. in chemistry, biochem- 
istry or pharmacology or the M.D. who would 
like to broaden his training and enter research 
in neuropharmacology. Stipends from $4500 per 
year and up plus dependent allowance. Postdoc- 
toral fellowships in other areas, such as bio- 
chemical pharmacology, antibiotics, energy and 
drug enzymology, are also available. Write 
Chairman, Department of Pharmacology, Wash- 
ington University School of Medicine, St. Louis 
10, Missouri. 1/9, 16, 23, 30, 2/6 











SCIENCE AND ENGINEERING AT 
ROBERT COLLEGE OF ISTANBUL 


Opportunities at Robert College in 
Istanbul, Turkey for qualified men in 
engineering, mathematics, physics and 
chemistry interested in combining teach- 
ing and consulting with the opportunity 
to live and travel in a vital part of the 
world. Development program is in effect 
to strengthen staff, modernize under- 
graduate curricula, inaugurate graduate 
program, construct new science and engi- 
neering building, prepare engineers for 
the industrial and technological develop- 
ment of Turkey and the Middle East. A 
challenging work with far-reaching possi- 
bilities. 

Address inquiries to Dr. Duncan S. Bal- 
lantine, President, or Dean Howard P. 
Hall of the College of Engineering at 
Robert College, Bebek P.K. 8, Istanbul, 
Turkey with copy to the Near East Col- 
lege Association, 40 Worth Street, New 
York 13, New York. 




















SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 





The Zoology Department, University of Al- 
berta, invites applications for three posts. Appli- 
cants must hold a Ph.D. degree in zoology; 
recent graduates as well as those with postdoc- 
toral experience will be considered. The starting 
salary will be $6000 to $8500 depending upon 
qualifications. A recent Ph.D. with no other ex- 
oh guia would normally begin at the $6000 
evel, 

Two of the appointments will be held at the 
University of Alberta in Edmonton. For these 
the zoology department is primarily interested 
in experimental embryologists, mammalogists, 


j ethologists, parasitologists, cytologists, and cel- 


lular physiologists. 
he third appointment will be to the Univer- 


| sity of Alberta in Calgary. At present teaching 
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in Calgary is directed by the University in Ed- 
monton. The department of zoology in Calgary is 
expected to become independent within a few 
years, and the appointee there will be expected 
to take a major share in planning and develop- 
ment. The field of specialization for this appoint- 
ment is a secondary consideration. 
Appointments begin 1 September 1959 and be- 
come permanent after 2 years of mutual satis- 
faction. 
_ Applications should be addressed to Dr. D. E. 
Smith, Dean, Faculty of Arts and Science, Uni- 
versity of Alberta, Edmonton. They should in- 
clude a complete curriculum vitae, transcripts 
of university records, a photograph, and the 
names of at least three persons who have agreed 
to send references. Applications will be received 
until 1 April 1959. 3 
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Research Fellowships in biochemical pharma- 
cology are available for qualified individuals to 
study for Ph.D. degrees. A background in chem- 
istry is desirable. Stipends begin at $1800 per 
year, plus dependent allowance. Write Chair- 
man, Department of Pharmacology, Washington 
University School of Medicine, St. Louis 10, 

issouri. 1/9, 16, 23, 30; 2/6 


Announcing University of Louisville Fellowships 
in Biochemistry for 1959-1960. Predoctoral 
stipends $1800-$2200 annually, tax-free, tuition 
paid. Dependency and travel allowances as re- 
fired. Applications should be submitted by 15 
ebruary 1959. Also postdoctoral fellowships; 
apply any time. Write Chairman, Department of 
iochemistry, University of Louisville School 
of Medicine, 101 West Chestnut Street, Louis- 
ville 2, Kentucky, for application. 1/23 
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OPPORTUNITIES 
FOR WOMEN IN SCIENCE 


For recent college graduates in the biological sciences and medical technicians we 
have challenging careers in our Macrobiology Department where the duties offer 
you a chance to assist in the research and development of new drugs. 
Start with us now in our Maywood, N.J., laboratories and be a part of the core 
group that moves to our new research center in Groton, Conn., next Fall. 
Why not write about your education, and experience. We’ll be pleased to answer 
your questions promptly. 

W. H. Harrington, Chas. Pfizer & Co., Inc. 

630 Flushing Avenue, Brooklyn 6, New York 

SCIENCE FOR THE WORLD’S WELL BEING 














USE THIS EASY SELF-MAILER to obtain 
further information 


| a om ce 


Information Requisition 


23 January 1959 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


From: 


Company 


Street 


Zone 
(Please print or type) 


Mark, clip coupon—FOLD HERE along this line—=mail 


No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 


Postage 
Will be Paid 








BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 











> 
R. enders elite 


To: SCIENCE MAGAZINE 
Room 740 
11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 








Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 
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SWISS MICE 











DISPLAY : Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 


established. 
Single insertion $26.00 per inch 
24.00 per inch 


13 times in 1 year 

26 times in 1 year 23.00 per inch 

52 times in 1 year 22.00 per inch 
For PROOFS on display ads, copy must 

reach SCIENCE 4 weeks before date 

of issue (Friday of every week). 


FARMS 


GERMANTOWN #£=NEW YORK 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 
Circle below desired number corresponding to: 


583 593 598 599 600 602 606 608 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, “‘U” indicates upper ad, “‘L”’ 
lower ad, ‘‘l’’ inside ad, ‘‘M” middle ad, and “‘O” outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of 
items is indicated by *. Readers are requested to specify on this coupon the 
particular item in which they are interested; otherwise, the request cannot 
be processed. 


0 170 0171 O 172 0 173 0174 
0 176 0 178* 0 217, Ul 0 217, U0 0 217,L 
0 218,A 0 218,B 0 218,C 0 219, Ul 0 219, uo 
0 219,L DO 220, U O 222,0 0 222, 1-A 0 222, I-B 
0 223,A DO 223,B 0 223,C 0 224 DO 225 
0 226, LO D 226, LI 0 227,1 0 227,0 0 228, uo 
0 231 0 232 

230 





Tryptamine Hydrochloride 


and other significant 
Indole Derivatives 


REGIS Chemical Company 


1219 N. Wells Street Chicago 10, Illinois 









vats* 


Wai the veterinarian 
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From the hand 


HYPOPHYSECTDMIZED RATS 


* CHARLES RIVER CD (Caesarian-derived) 
* CHARLES RIVER SD (Sprague-Dawley 


escendants) 


* CHARLES RIVER W_ (Wistar descendants) 
THE CHARLES: RIVER BREEDING LABS 
Dept. B 1093 Beacon St. Brookline 46, Mass. 
De You Need: 

Analytical Grade 

Ion Exchange Resins? 


(Prepared from Dowex Resins) 
ASK FOR PRICE LIST SM 


SU Mi) Laloraterces—| 


32nd & GRIFFIN AVE. » RICHMOND, CALIFORNIA 














Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
4 Phone: CEdar 3-5318 














e HYPOPHYSECTOMIZED RATS 


— ~ to all points via Air Express 

or further information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 





|Rats from the Wistar Strain| 


Laboratory Animals 


ALBINO FARMS, PO Box 331 
RED BANK, NEW JERSEY 
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Guinea Pigs 
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l swiss Mice — Albino Rabbits| 
|| BOOKS AND MAGAZINES ||| | 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description ol 
eer files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. } 
Boston 20, Massachusetts 


FLUORIDATION AS A 
PUBLIC HEALTH MEASURE 


Editor: James H. Shaw 


Price $4.50, AAAS Members’ prepaid 
order price $4.00 


240 pp., 24 illus., index, clothbound, 1954 


This volume offers a comprehensive con- 
sideration of the present knowledge of the 
relation of fluoride ingestion to human 
health. The eminent boson me of each 
of the 21 authors should inspire confidence 
in the unbiased authenticity of the contents. 


‘ AAAS 
1515 Mass Ave., NW, Washington 5, D.C. 
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Now...automatic printed integration 
of chart peak areas 


Perkin-Elmer’s new Model 194 presents 6000-count/minute 
integrals on adding machine tape, ready for interpretation 
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Fractogram of four-component mixture with 
integrator tape run in synchronous mode. The 
synchronous tape feed permits easy identifica- 
tion of integral prints with the corresponding 
peaks on the fractogram. Corresponding prints 
and printing points on the fractogram are 
identified by letters (a, b, c, d and e). 


Integrals for each peak are obtained by sub- 
tracting the value printed at its leading edge 
from that printed at the leading edge of the 
next peak. Thus, 

Propane = (b — a) = 23619 —22282 = 1337 
Isobutane = (c — b) = 24278 —23619 = 659 
n-Butane = (d — c) = 26436 —24278 = 2158 
Isopentane = (e — d) = 26561 —26436 = 125 


Concentrations for each component are com- 
puted by dividing the integral for its peak by 
the total integral (after applying thermal con- 
ductivity correction factors if necessary). The 
complete analysis of this mixture is: 
Propane .. . 31.3%; Isobutane .. . 15.4%; 
n-Butane .. . 50.4%; Isopentane ... 2.9%. 


Up to now, there have been four con- 
ventional methods of integrating the 
areas of peaks produced on a re- 
corder chart by a gas chromato- 
graphic analyzer — for example: 


FIRST: the time-consuming, error- 
prone approximation of measuring 
peak height and multiplying by half 
band width: only as accurate as the 
analyst’s eye and scale at best, -not 
valid for some peak shapes, and re- 
quiring a good deal of computation. 


SECOND: so-called “pip” integration 
—using an auxiliary pen which dith- 
ers along the chart edge as the peak 








is recorded and theintegrator counts 
(with each group of ten counts 
marked by a wider pen swing to 
facilitate counting). The disadvan- 
tages of this technique: low count 
rate/lower accuracy, with the inher- 
ent mechanical difficulties of “pip” 
recording by pen. You also have to 
count the pips! 


THIRD: digital counter read-out — ex- 
cellent integration, but demanding 
constant vigilance on the part of the 
operator to note dial readings at 
critical moments during peak elution. 


FOURTH: planimeter area measure- 
ment, requiring a steady hand and 


virtually infinite patience — and not 
very accurate, either. 

With Perkin-Elmer’s new Model 
194 Printing Integrator, designed 
for use with the P-E Model 154-C 
Vapor Fractometer, integrals are 
printed on standard adding machine 
tape, automatically at the base of 
each peak (or manually, on com- 
mand) and in a variety of modes. 

When the recorder pen begins an 
upscale excursion, a valley sensor in 
the recorder energizes the printing 
mechanism, and a five-digit integral 
is automatically printed on the tape. 
Tape and recorder chart move at the 
same speed, making later compari- 
son and identification easy — or the 
tape can space evenly between prints. 
The next integral is automatically 
struck when the pen begins to record 
the next peak; the difference between 
this number and the first represents 
the area of the first peak. The last 
integral in an analysis is manually 
printed. 

When the Model 154-C recorder is 
attenuating automatically to keep 
peaks on scale, the Printing Integra- 
tor will follow the recorder through 
attenuation changes and present 
compensated integrals at analysis’ 
end. 

The peak areas, added and normal- 
ized, give gross concentration per- 
centages. Introducing thermal 
conductivity coefficients, where nec- 
essary, will give quantitative meas- 
urements six to ten times as precise 
as pip-marking methods or conven- 
tional physical measurement of the 
chart peaks. 

The Model 194 ($1,375 f.o.b. Nor- 
walk, Conn.) employs a standard ve- 
locity servo computer. At full scale, 
the Integrator produces 6000 counts 
per minute, or 1263 per square inch 
of chart space. The recorder pen/ 
count linearity is within +0.3%, 
averaged over full scale. 

For more information, write for 
“Automatic Printed Integration of 
Recorder Data,” to 910 Main Ave- 
nue, Norwalk, Conn. 


Price subject to change without notice. 


lL Ni: So Perec. EON: Th O-t-V4-S b:OoN 


Perkin-Elmer Gyno 


NORWALK, 


CONNECTICUT 








NOW ACTIVELY AIDING ACADEMIC TRAINING IN NUCLEONICS 


Student Reactor Training Laboratory. 
Instructor inserts neutron-sensitive scin- 
tillation detector into automatic traversing 
| mechanism while students utilize special- 
.» ized instrumentation for neutron flux 
measurements, and gamma, beta, and 
alpha sample analysis. 


@ first nuclear-chicago reactor training laboratories now delivered to colleges and universities 


® Deliveries have been completed 
to these institutions: 


California Institute of Technology 
University of Connecticut 
State University of lowa 
University of Nevada 
Occidental College 
University of Rochester 
Texas Technological College 


Utah State University 


Nuclear-Chicago’s Sub-critical Reactor Laboratory, first announced in 
January 1958, has been installed at eight leading U.S. Colleges and Uni- 
versities. Designed for student training, the complete laboratory consists 
of the new Model 9000 Student Sub-critical Reactor, a carefully selected 
group of radiation detection and recording instruments, and a manual 
of experiments specially prepared for the Student Reactor and related 
nuclear counting systems. Instrumentation and experiments are designed 
to familiarize students with basic nuclear detecting and measuring devices 
and analytical methods, and to provide valuable reactor training in 
determinations of neutron flux, Fermi Age in water, relaxation lengths, 
multiplication factors, neutron activation, and other reactor properties. 
If you have not yet considered this unique package training program for 
your institution ask us to send our representative to explain it in detail. 
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237 WEST ERIE STREET * CHICAGO 10, ILLINOIS 








